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ABSTRACT

This report analyzes the dynamic motion of an unbalanced rigid body rotor in gen-
eral linearized bearings and the analysis is applicable to fluid film as well as rolling
element bearings for small bearing displacements. The complete nonlinear dynamical
equations of motion, including rotor acceleration, are derived by Lagrange's equations
to include the influence of damped, flexibly mounted bearing supports. The dynamical
equations of motion are linearized by assuming constant angular shaft velocity and shaft
displacements, which are small in comparison to the rotor characteristic length. Com-
puter programs to analyze the rotor steady state motion due to unbalance and the stability
and complete transient response are presented. As an example, these computer pro-
grams are applied to evaluate the characteristics of a NASA experimental hybrid gas
bearing rotor system.
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NOMENCLATURE

rotor amplification factor
bearing housing horizontal damping
bearing housing vertical damping

Cix = bearing damping coefficient in x-direction for the i,th bearing

Diy = cross coupled bearing damping coefficient for force in x-direction from

y-displacement

Dix = cross coupled bearing damping coefficient for force in y-direction from
x-displacement
C... = bearing damping coefficient in y-direction for the ith bearing

1y
axial thrust bearing damping coefficient

total dissipation energy

bearing housing horizontal stiffness

bearing housing vertical stiffness

bearing housing angular stiffness in the x-direction
bearing housing angular stiffness in the y-direction
axial location of unbalance masses from first bearing
rotor polar moments of inertia taken about C. G.
transverse moment of inertia of bearing housings one and two at point i)bl’O]o2
K. = bearing stiffness in x-direction for the ith bearing, here, i = 1,2

1X

Riy
y-displacement

= cross coupling stiffness coefficient for force in x-direction from

Rix = cross coupling stiffness coefficient for force in y-direction from
x~displacement

h

K. = bearing stiffness in y-direction for the it bearing, here, i=1,2

i
axiral thrust bearing stiffness coefficient
rotor length between bearing spans
distance from first bearing to mass center of rotor
distance from second bearing to mass center of rotor

bearing angular stiffness in x-direction



iy
my,m,

bearing angular stiffness in y-direction
mass of bearing housing 1 and 2

bearing angular damping in x-direction
bearing ahgular damping in y-direction

cross coupling angular damping coefficient in y-direction due to rotation
in x-direction

cross coupling angular damping coefficient in x-direction due to rotation
in y-direction

cross coupling angular stiffness producing moment in y-direction due to
rotation in x-~direction

cross coupling angular stiffness producing moment in x-direction due to
rotation in y-direction

radial distance of unbalance masses from rotor centerline
total kinetic energy of system

kinetic energy of rotation of balanced rotor

kinetic energy of translation

kinetic energy of unbalance masses

time

foundation or bearing housing motion in horizontal direction
total potential energy of system

foundation or bearing housing motion in vertical direction
displacement of rotor mass center

displaéement of rotor at number 1 bearing location
displacement of rotor at number 2 bearing location

shaft angular displacement in x-z plane, (x2 - Xl)/L
shaft angular displacement in y-z plane, (y2 - yl)/L
shaft angular displacement about spin axis

angular displacement of bearing housings in y-z plane

angular displacement of bearing housings in x-z plane

position vector of first bearing center Obl
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position vector of first journal center 031 relative to bearing center Oy

rotor unbalance masses; OMi <1
M

bearing housing angular damping in x-direction

bearing housing angular damping in y-direction

axial distance of unbalance masses from rotor mass center
angular phase displacement between two unbalance masses
angular velocity vector

rotor angular velocity

xi

1
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PART I

INTRODUCTION
1.01 Statement of the Problem

The purpose of this investigation has been to derive the equations of motion of a rigid
body rotor with an exciting force caused by unbalance situated along different locations
and different planes. The gyroscopic effects of the rotor on the system have also been
taken into account. The derived equations of motion include the bearing and support
characteristics.

Computer programs have been developed to investigate the steady state and transient
behavior of the rotor-bearing system which enables a parametric study of the system to
be made.

The dynamical equations presented may be applied to any arbitrary rigid body rotor
system, regardless of the type of bearings used, whether it be fluid film or rolling
element bearing.

1.02 Description of Rotor Coordinate System

Figure 1 represents an arbitrary rotor system mounted in bearings on damped
elastic supports. In order to express the dynamical equations of motion for the system,
the total number of degrees of freedom must be determined. The required number of
dynamical equations necessary will be determined by the degrees of freedom minus the
equations of constraint. The constraint relations will be discussed in section 1.03.

The rigid body rotor has six degrees of freedom and requires six generalized
coordinates to completely specify its motion. The proper choice of the coordinate sys-
tem is important in order to express the dynamical equations in their simplest form.
Two types of coordinate systems that may be employed are the Eulerian coordinate
system and the Cartesian coordinate system. A detailed discussion of these coordinate
systems and their equations of transformation are given in appendix A. Both coordinate
systems consist of the Cartesian displacement of the rotor mass center and three
angular displacements. The Eulerian coordinate system, which is commonly used to
represent gyroscope systems, is given by



local spin angle
© precession angle
0 nutation angle

X Ym? %m Cartesian components of rotor mass center

In the Cartesian system, the generalized coordinates are given by

o, rotor angular displacement in y-z plane
oy rotor angular displacement in x-z plane
oq rotor spin angle

X0 Ym Zm Cartesian components of the rotor mass center

The equations of motion in either coordinate system are, in general, highly nonlinear.
The Cartesian coordinate system has the advantage that if small rotor displacements and
constant angular velocity are assumed, the dynamical equations become linearized. This

P X

BEARING NO. 2
UNBALANCE DISPLACEMENT

BEARING NO.!
DlSPLACEMENT—\

T N

Figure 1. - Schematic side view of rotor system.



linearization process is not possible with the Eulerian representation. The Eulerian
equations possess certain advantages in the investigation of asymptotic solutions for rotor
precession rate and also are useful in the analysis of unstable forced backward rotor
precession.

Figure 2 represents a schematic side view of the rotor system in the Cartesian
x-z plane. The angular displacements oy and a, are given by

al = —_— (1. 1)

oSt
Nl
t
t
e
o
-
&

Figure 2. - Schematic axial view of rotor displacement at first bearing.



Yo =¥

o (1.2)
27y
where
Xy5¥q absolute displacement at number 1 bearing
X9,¥9 absolute displacement at number 2 bearing
The rotor displacements may be represented as follows:
Xy =%y - ozlL =Xn - cvlL1
(1.3)
V1 =Yg - %gLi=ypy - ¥l
Xg =Xg + alL =X+ ale
(1.4)
Vg =1+ ¥l =y + agly
Solving for the displacement at the rotor mass center
Lixg + Lox
xm — 172 2 1 (1. 5)
L
L,yo + Loy
_ 172 271
Y = (1.6)

Figure 3 represents a schematic axial view of the rotor displacements at the first
bearing. The absolute displacements Xq and Y1 of the first journal center (point Oj 1)
are given by

Xy, ¥qp = (5][,1 + 5'31) © (ny, 1) (1.7)

where

5b1 position vector of first bearing center Ob 1

s

iy position vector of first journal center 0]- 1 relative to the bearing center Obl



Figure 3. - Isometric view of rotor coordinate system.

The final equations of motion will be expressed in terms of the coordinates x
X95 V9r Zyo and wt.

1’ Y10

1.03 Bearing Coordinate System

Four degrees of freedom are required to represent the motion of each bearing
housing since the bearing housing does not spin and axial bearing motion is assumed to
be negligible. Therefore, the six degrees of freedom reduce to four.

The four coordinates used to represent the bearing motion are

u,v horizontal and vertical displacement of the midpoint of the bearing centerline 0b
v angular displacement of the bearing center in the x-z plane

B angular displacement of the bearing center in the y-z plane

The number of degrees of freedom for two bearings is therefore eight. The total
number of degrees of freedom for a rigid rotor is six. If, however, we assume that the
rotor is moving with constant angular velocity, then the number of degrees of freedom
for the system reduces to 13. This assumption of constant angular velocity uncouples
the equation of motion of the rotor in the axial direction from the rest of the system
equations for small displacements. Hence, the axial motion can be investigated
independently from the remaining equations of motion.



1.04

Summarizing, the twelve generalized coordinates are the horizontal and vertical
displacements of the rotor axis at the first and second bearings along with rotor angular
motions which can also be expressed in terms of the horizontal and vertical displace-
ment of the rotor at the two bearings. The two bearing housings are assumed to be
flexible and as such, have x and y displacements along with angular motion in y-z and
x-z planes denoted by B and 7y, respectively.

In addition to the bearing stiffness and damping coefficients acting in x- and
y-directions, cross coupled bearing characteristics are assumed to be present. Bearing
housings have, in addition to the horizontal and vertical stiffness and damping, the
angular stiffness, damping, and cross coupled stiffness and damping.

The generalized rotor coordinates are shown in figure 3 and those of the bearing

housing in figure 4.

Figure 4. - Isometric view of bearing coordinate system.



PART II

ROTOR EQUATIONS OF MOTION
2.01 System Kinetic Energy

The equations of motion are derived from Lagrange's equation, which states that

d| aT oT , oV dD
—l—— |+t —+ =qu (21)
dt | 8, | @a, da, aa,

where
T = Total kinetic energy of system
=Tqp+ T+ Ty (2.2)
where

TT = Kinetic energy of translation

1., — —
=5Mi VitV (2. 3)

TR = Kinetic energy of rotation of balanced rotor

2 2 2
[“’1111 + Wylyg + wW3lgg + 2w wolyg + 2wywglyg + 2“’2“’3123] @.4)

and

TU = Kinetic energy of the unbalance masses

— —
.

2
L oMyt (2.5)
1=

DO |



(See appendix A for the derivation of the kinetic energy expressions.) If the set of
axes chosen are principal axes, the product of inertia terms are zero, and the kinetic
energy of rotation reduces to:

1.2 2 2

For a balanced axisymmetric rotor 111 = 122 = IT’ the rotor transverse moment of
inertia; and 133 = Ip the polar moment of inertia.
The total rotor kinetic energy of the assumed rotor-bearing system is given by:

1 =2 > 2 2 1,02, -2 2 . t 2
T = é-M[ +y m] +§':(012+0é1 cos”™ ao)ln + (Gg + a; sin ay) Ip]

6M . . . . .
+ _2—{(x +Pyay - Rjag sin a3)2 + (ym +P,a9 + Ryag cos a3)2

+ [z'm - Ry(a, sin ag + &y cos a3)] 2}

5M2
+—= ([ + P2a1 - a3R2 sin(ag + q:)]

2
+ [ym + p2‘."2 + R2&3 cos(ag + ‘I’)]z
{. . . . 2
+Qz - R‘Z[O’Z sin(ag + @) + o cos(ag + ‘I’)]} ) 2.7

The kinetic energy of translation and rotation of the bearing housing is given by:

22 n2 -2 <2
TB=§ 1(u +uz)+5m2(v +V2)+E[I Bl + Ly Py +Iy71+12y ] (2.8)

2.02 Potential Energy With N-Bearings

The potential energy with N-bearing locations due to the stiffness in the horizontal
and vertical directions is given by:

N
Vi 3 K+ Ky)) .9

i=1

The potential energy of the bearing due to cross coupled damping terms is given by:



N
Vg = i);l (Dixxiyi + Diyxiyi) (2. 10)

The potential energy of the bearing due to angular stiffness and cross coupled damp-
ing coefficients is given by:

N
vy=2 2:1'[(Mix(az - )%+ My (o - A
i=

o

N . o
* '21 [Pix(Bi - )@y - vy) + Pyo(ag - v)(By - az)] (2. 11)
1=

The potential energy of the bearing housing due to the horizontal and vertical stiff-
ness and the angular stiffness is given by:

N

_1 2 2 2 2
vg= iz_)l (1,002 + V5 + Gy BF + Giyyi) (2.12)
and that due to thrust bearing is
_1 2
V5 = 5 KzzM

The total potential energy is then

V=V1+V2+V3+V4+V5=

D | =

N

2 2 : :
_Zl [Kixxi + Ki¥i + 2 Dy X3¥; + 2 Dy X395
i=

+ My (e - B)% + Myl - ) +2 P b - @) - %)

: - 2 2 2 2 1 2
+2 Piy(al - 1) (By - ) + £, UT + fiy Vi + Gy B + Giyyi] + > Kz (2. 13)
The coordinates X5 and y; are related to the coordinates X Yo %10 and Qg by
the following relations:
Xy =X, + gLy (2.14)
Yi=Ym + %gly (2.15)

9



where Li = distance from the rotor mass center to the centerline of the bearings.
If N=2, i.e., there are only two bearings, then in terms of the above generalized
coordinates, expressions (2. 14) and (2. 15) reduce to

2 2

2 2 2
Vi + fgyVy + Gy By + GoyFo

1 2
V-E[fle1+f2xU2+f1y
+ G2 4 Gy 2+ Ky (X - Lyl - Uy)2 4+ Ko (x. + Lo0ty - Uy)2

1y71 F JoyYe F P1xV¥m T M1%1 T M 2x¥m * H2%1 - Y2

2 2
+ Ky - Ly - V7 + Ky (v, + Lp@y = Vo)™ + My, (g - £yy2

+ My, (@g - By)? + My (@ - y)? + My, (e - ')/2)2] (2. 16)

+ Dly(ym - Lyoy - Vl)(xm - Loy - Uy) + Dy (xp) - Ly - U1)(Ym - Lyag - Vy)
+ Py (By - ‘5‘2)(0‘1 - ¥q) + Poy(By - ag)(ay - v9) + Pyo(By - az)(é‘l -7y

+ sz(Bz - az)(él - 7’2) + '% Kzzfn (2.17)

2.03 Dissipation Energy With N-Bearings

The dissipation energy with N-bearing locations due to damping in x- and

y-directions is given by

N
L= %E (Cpns + Cyy¥D) (2. 18)

i=1

D

The dissipation energy due to cross coupled stiffness terms is

N
D, = El (Ryx y X; + R1yy1x1) (2. 19)
i=

The dissipation energy due to angular damping and cross coupled angular damping is
given by

10



{N Gy - B2 + N, (dl-igi)z}

o

co
[\'JIH
WM 2

+ Zl{Qix(&l - v (B - ag) + Qiy(éi - &2)(011 - .,,i)} 2. 20)
1=

The dissipation energy of the bearmg housing due to the horizontal and vertical dampmg
and that due to angular damplng is given by:

21 2 °2 "2 -2
and that due to the thrust bearing is
_1 -2
D5 = 5 szm (2.22)

The total dissipation energy is then given by:
D=D1+D2+D3+D4+D5

N

_1 -2
=2 21 Clxx1 + Clyy + 2Ry X, y + 2R1yx1y1

+ Niy(@g - B)% + Nyl - )% + 2Qu,(0 - 776, - )

2

. 2 9 1
+ 2Qiy(Bi 2)(oz - 7;) + By U + B. yV + p.le + U«ly'y } 5 CZm (2.23)

Considering only two bearings and using equations (2. 14) and (2. 15), the expression for
the total dissipation energy becomes:

11.



2 2 2

2 - : 22 2
9 + Byy V1 + By Vo + 13 P1 + koyhy

[

2 2 . TN : .2
+ U]+ BgyYy + Coypy, - L@y - U™ + Cop () + Loy - Uy)

N 3 . 2 . - . 2 . » 2
+ Ciy(ym - L,y - Vl) + Czy(ym + Lgay - V2) + Nix(az - ﬁl)
+N (c;z -é)2+N (o'z-')2+N (o'z ~.)2
2x\%2 ~ Pa 1y\% 1~ " 2y\%1 "~ Y2
+ R O, - lez -V, - Lyay - Uy + sz(g}m + dez - Vo) (xpy, + Loy - Uy)
+ Riy(xm - Lya; - Uy, - L@ - vy o+ RZy(Xm + Loy - Uy, + Loag - Vo)
+Qu(By - @)@ - ¥p) + QouBy - @g)(@q - ¥y)

+ Qiy(al - '}’1)(é1 - 012) + sz(al - '}’2)([32 - dz) + g— Czé12n (2.24)

2.04 Nonlinear Equations of Motion
The equations of motion are obtained by applying Lagrange's equation (2. 1) to the

twelve generalized coordinates considered here.
These equations of motion are nonlinear and are as follows:

Uy s myUy o+ §,0; - Ky (g - Up) - Ry - V) - Dyo(g - Vy)

+B, U, -Cy (& -Up) =0 (2.25)
Vir mV, o+ f;yV1 - Ky - V1) - Ryy(xy - Uyp) - Dy, (& - Uy)

+ Biy\'fl - C1y(5’1 -V =0 (2. 26)
Up: myUy + I5, Uy - Ky (x5 - Ug) - Ryo(yy = Vg) =Dy (g - V)

+ BZXUZ - sz(xz - Uz) =0 (2. 27)

12



71¢

2 myVy + £ Vo - Ko (¥g - Vg) - Ryy(xg - Ug) - Dy, (x5 - Up)

t IjyBy + GigBy + My (By - ap) + Qolay - vp) + Pyo(a@y - 7y)

+ yuBy + Nyy(By - &) = 0
Iiyve + Gygvy + Myy(yy - @9) + Qg (ay - By) + Py (ay - By)

+lygYy * le(y1 - al) =0

b IpyPg + GoyBg + My (By- ag) + Qyu(0ry - ¥p) + Pyo(ay - 7g)

+ HgyBy + Ny (By - @) = 0

tIygvg + Gogvg + My (g - @) + Qgu(ay - B) + Py (g - By)

(2.28

(2. 29)

(2. 30)

(2.31)

(2. 32)

X M + oM, + 6M2)xm + (6M1p1 + dSszp)d1 - (6M1R1 sin ag + MR, sin(a3 + ‘I>))a3

- (BMR; sin &g + 8MyR, sin(ag+ ‘I’))&3

+ K = L1 - Uyp) + Ky (xpy + Lipy - Up)
+ D1y - Lydp = Vy) + Doy, + L@ - V)
+ Cpgliy = Lydy - Uy) + Cop iy + Ly - Uy)
¥ Ryylm = Ty@p = Vo) + Roylypy + Ly - V)

= [6M1R1 cos ag + OMyR, cos(ag + <I>)] &‘?‘3

(2. 33)

13



Y- (M + 6M, + 6M2)§m + (6M4P{ + 6M2p2)&2+ [6M1R1 cos &g+ O0MgR, cos(ag + tI))] &3
+ Ko - L@ = Vy) + Koy + L - V)
+ Dlx(}'{m - lel - {Jl) + sz(z.cm + Lzél - T:Tz)
+ €y - Ly - V) + Cou (I + Lpdig - V)
+ Rlx(xm - Lyay -Uy) + sz(xm + Lgay - Ug)

= [ﬁMlR1 sin a3 + 6MgR, sin(ag + @)]é% (2. 34)

Z_: (M+0M;+0My)Z - [6M1R1 sin @ + 6MoR, sin(arg + q:)]az

- [5M1R1 cos g + 0MgR, cos(a3 + <I>)]a1 +K,z, + Czém

= [iiMlR1 cos ag + MR, cos(ag + ¢>)]d2c513

- [6M1R1 sin a5 + OMyR, sin(ag + q:)]dld3 2. 35)

ey IT[&I coszoz2 - ‘5‘16[2 sin 2a2] + Ip[d2d3 cos Qg + 0.‘1“:‘2 sin Qg + &3 sin @y + &1 sinz Qg + &1&2 sin ag cos az]
+ GMlpl[ﬁim + plo.z.1 - &3R1 sin ag - &% R, cos a3]
+ 6M2p2[§m + Pz&l - &3R2 sin(ag + ®) - d% R, cos(ag + @)]
+ 8M; Ry sin a3c'v3[im - Rl(c')z2 sin ag + 611 cos a3)]
- 6M4R; cos oz3[é'm - R1&2 sin &g - Ry&y03 cos a3 - R & cos @y + R,y sin oz3]
+ OMg Rzo'z3 sin(ag + (b){im - Rz[(ézz sin(ag + @) - [11 cos(a, + cp)]}
- 8MyR, cos(ag + <I>)[Em - thl)'zz sin{ag + @) - Rydqydy cos(ag + D) - R2&1 cos(az + ®) + R2é1d3 sin(ag + d))]
- KpyLy @y, - Ly - Uy) + Ky Lo@py, + Lpdy - Up) - Dy Ly, - Ly - vy)
+ Dy Ly(Fpy + Lyly - V) + My (@) - vp) + My (e - vp) + P (By - &) + Py (By - @)
- Cyylig iy = Ly@y - Ug) + CopLiplity + L&y - Up) - RyyLy(yy, - Ly - V) + Ry Lp(yp, + L@y = V)

+ Npyl@y - ) + Npy(@y - 79) + Quy(By - @) + Qg (By - @) = 0 (2. 36)

14



ay: I'r(&z + &f sin ay cos ay) - Ipé‘l cos ay(ag + 0'13 sin ay)
+ M Py [Ym + &2p1 + &3R1 cos ag - c'v% R, sin a3]
+ 6M2p2[1;m + &2p2 + &3R2 cos(ag + ®) - &ng sin(ag + tI’)]
- 6M; R, cos 0‘3023 [im - Rl(az2 sin ag + &4 cos a3)]
- 8M;R, sin ag [fa'm - Rl(&2 sin ag + &2&3 cos ag + &1 cos ag - &1&3 sin a3)]
- 6M2R2c'v3 cos(ag + @){im - R, [&2 sin(ag + @) + @ cos(ag + tb)]}
- OMyR, sin(ag + @) [zm - Rzaz sin(‘a3 + &) - R2d2&3 cos(ag + ®)
- Ryay cos(ag + @) + Ro@, @ sin(ag + @)]
- KyyLy O - Lyag - Vq) + Koy Lplyp, + Ly - V)
=Dy Ly, - Lydy - U + Dy Lol + Loy - Uy)
+ Myy(ag - B) + May (g - By) + Pyy(y - @7) + Pyylyy - &7)
- CpylyGpy - Ly&y = V) + Coplply + Loy - V)
+ Ry Ly - Lyey - Up) + Ry Ll + L@y - Ug) + Ny (g - 69)

. . 2.37
+ N2x(a2 - Bz) + Qly('yl - al) + sz(?’z - al) =0 ( )

ag: IpE (g + &, sin @) - OM Ry % [sin gk +pyay - Ryag sin oz3)]
dt

+ 6M1R1 4 [cos a3({(m + plo'z2 + Rlés cos a3)]
dt

- MR, %{sin(a:; + @)y, + Pyéy - Rydg sin(ag + <1>)]}

- 6M,R, 4a cos(ag + <I>)[Srm + pzéz + Ryag cos(ag + <I>)]}
dt

- 6M1R1&3 cos ag [(}'{m + plél - Rlc'z3 sin a3)]

- 6M1R1(.I3 sin a3 [}.’m + pldz + RI&S cos a3]

- 8MyRya, sin(ag + ) [;':m + Pgary - Ryag sin(ag + @)]

r OMgRsag sin(ag + ®) [ym + pzézz + Rgaqg cos(oz3 + @)] =Qag (2.38)
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2.05 Linearized Equations of Motion

The general rotor equations of motion (2. 25) to (2. 38) including rotor acceleration
are highly nonlinear and represent a difficult problem to solve. These equations may be
simplified considerably if we assume constant rotor angular velocity and small bearing

displacements.
Hence,
&3 = w = constant, ag = wt
X, -X
L
and
Y, -Y
sin @y ® @y = 2 1 <<1
2 2 L

The unbalance masses are considered small in comparison to the rotor mass. Hence,

oM oM
1 o 2«
M M

If it is further assumed that the bearing housing is rigid, then equations (2. 25) to
(2.32) do not enter into the system equations. The resulting five linearized equations of
motion are as follows:

X I(lez + L2X1) + Ky X1 + Ko Xg + C Xy + Co Xy
+ Rlyyl + Rzyy2 + Dlyyl + Dzyy1
= M, w?R, cos wt + 6Myw’Ry cos(wt + @) (2. 39)
. M .. . . .
Y : T (L1y2 + Lzyz) + Klyy1 + szyz + Clyyl + Czyy2
+ Rlxxl + szxz + Dlxxl + szxz

= 6M1w2R1 sin wt + 6M2w2R2 sin(wt + ®) (2. 40)

Z,: MZ, +C2Z +KZ =0 (2.41)
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(Xz - X]_) Lo (Yz - Y]_)

@ Ip—— T " DaylaV2 - Dyylayy
+ CoxLligXy = CyliyXy + Koy LigXg - Ky LyXy + Ro Loy - Ry 1y vy
= 6M1P1w2R1 cos wt + 6M2p2w2R2 cos(wt + ®) (2.42)
Gy -5  Gy-ip) , .

L L
+ CoyligVa - Cryly¥y + Kaployy - KoLy + RopligXg - Ry LiiXg

= GMlplszl sin wt + ﬁszzszz sin(wt + ®) (2. 43)

Due to the assumption of constant rotor angular velocity, equation (2. 38) identically re-
duces to zero. It may be further observed that equation (2. 41) is uncoupled from the
rest of the system equations; hence, it may be solved independently.
If we now substitute
2

T I_=MR

_ 2
= MR D D

Ly

where RT and RP are the transverse and polar radii of gyration of the rotor respec-
tively, and

L, Ly
—-—21 —-=£2
L L
Dly_—' D2Y_ D1X=‘ D_2.x=—
1 —= =D, Dix Dox
M ¥ M y M M
Py _x Ry = Bix _ ¢ Rax _ %
Ry Ry Ry Roy
M ¥ M y X M
Sy_& Sy _¢ Cix_g Cx _ g
ly M 2y 1x M2
K, _ K B K _ K _
_IZ_KIY 2y=K2y _IX=K1x —1X=K2X
M M M M

17



SRR

The equations (2.39), (2.40), (2.42), and (2.43) reduce to
X : !lez + ﬁle + Dlyyl + Dzyy2 + Clxxl + Co Xg + Ky Xq + Ko Xo + Rlyy1 + Rzyy2

-1 ESlele cos wt + 6M2w2R2 cos(wt + <I>):l (2. 44)

M
Ym: ilyz + £2y1 + Dlxxl + szx2 + Clyyl + Czyy2 + Klyy1 + szyz + Rlxxl + R2Xx2
=1 [Glele sin wt + 6Myw Ry sin(wt + <1>):| (2. 45)
M
ay: Rpy - X1) + Ryo(yy - V) + Doy lo¥y - Dy 84y + CoploXy - Cp 4%y
-+ KoplgXo - Kipli¥Xg + Roplayy - Ryylyyy
=1 [aM WPR. Py cos wt + 8Mow20o R, cos(awt + <I>):| (2. 46)
v M1 RePy 2w PoRy :
agt Rp(yy - ¥q) - Rywlxy - X1) + Dy £oXy - Dy £4X) + Cooloyy - Cyolyyy

+ Koglo¥g =~ Kigl¥y + RogloXg - Ry l4%g

- iif [amlwzlel sin wt + 6Myw’PoRy sin(wt + c1>)] (2. 47)
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PART I
STEADY STATE SOLUTION OF THE EQUATIONS OF MOTION -

FOUR DEGREES OF FREEDOM SYSTEM
3.01

The complete solution of the linearized equations of motion (2. 44) to (2. 47) will be
the sum of the general solution of the homogeneous equation (i.e., the general solution
of the equation with right-hand side zero) and the particular solution of the complete
differential equations. This particular solution describes, on the other hand, the forced
vibrations caused by the rotor unbalance.

Equations (2. 44) to (2. 47) will be satisfied if we assume a harmonic solution of the
following form:

Xy = x[1] cos wt + x[2] sin wtw
Xg = x[3] cos wt + x[4] sin wt

3.1)
vy = x[5] cos wt + x[6] sin wt

Yo = x[7] cos wt + x[8] sin wt J
Substituting these in equations (2. 44) to (2.47) we obtain the resulting equations in

the following matrix form after equating the coefficients of cos wt and sin wt in the
four equations.
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= 7 ( 1 2
le _ KZK _ _ _ _ - l\—d- [6M1w R1
. 2 Clx“’ -2 w2 Coyw Rly Dlyw R2y DZy“’ X[1] 2
i 1 + 6Myw°R, cos <I>]
Kix - Koy 5 _ 5 _ My
C, w -Co, w - w - @ R x[2 -— w'R, 8in &
x - lzwz x - ﬂlw Iy ly %y Loy 2l M 2
R D R 3 1y T oy [+ M2 2R, sin @
R Dy, w Dy, w (4] w 3 —w sin
1x Ix 2 2 - 1y0? 1y - ty0? 2y 3] - 2
M
e E7e 1 2
_ _ _ _ _ Kly _ sz — W Rl
- Dy Rlx - szw Rg, - Cly“" ! wz - Czyw 2 w2 x(4] .
2 1 * —2 w2R2 cos &
= M
- M
5 2 5 2 2 & 2 1 2
R.rw _ —R.I.r.u _ . -Rpw 2 , Rpw [ ——NEPILU R1
-Cy flw _ Cy, bow -R — — X[ 5}
= 1x*1 2x~2 1y~1 2y°2
- Rypty + Ko, 8y - Dlyﬂl‘” + Dzylzw i,[_M]-_‘?“"ZPZRZ cos ©
= .2 T .2 5 2 & 2
_ Ryo . Ryw Rpw -, Ry _ o,
{w — - Low — _ -R — R, 2 x{6) —— w"PyR, sin @
Ix~1 22 1y~1 272 272
- leil + Koyl + Dlyﬂlw - Dzyizw ML
ﬁpwz _ —ﬁpwz irwz -T?Twz oMy
-Ry £ _ Ry ¢ _ -Cyolyw — Colow || x[7] —= w“Ryf, sin @
1x*1 22 1y~1 2y°2 2
- Dy lqyw + Dy low - Klyll + szﬂz ML
M
= 2 2 = 2 = 2 1 2
_Rpu _ le _ _ R.I.w B -R,rw —ML w pIRI
_ -R, f.w - Ry £ Ci Lqw — -Co low x[8]
1x%1 2x Lo 1yt1 2y%2 =
+ Dlxﬂlw - szlzw - Klyzl + szlzz . My w2P2R2 cos
ML
(N . .
(3.2)

The solution of the above algebraic simultaneous equations will yield x[1}, x[ 2],
. « ., X[8]. The amplitudes of Xy X9, ¥q, and y, are

1] = Yx[11? +x[2]2'\
v1]= W
751 = WJ

'xz f

—

(3.3)
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The angular amplitudes can be obtained from

Xz - X1
0= -
= L[a031 - x{1)cos ot + (:]4] - x[2]) sin oi]
L
Iall = % ‘/(X[3] - x[2])% + (x]4] - X[z])2 (3.4)
Similarly,
|ag | =% ‘/(;[7] - x(51)% + (x[81] - x[61)2 (3.5)

The steady state solution is therefore given by
~
Xy = lxll cos(wt - y,)

Xg = lle cos(wt ~ Yy)
e (3.6)
yq = |yq| sin(wt - w3)

Yo = |Vo| sin(wt - ¥,)
./

where,
1,1/1 = arctan —i{.[ﬂ-
X[ ]
tpz = arctan —itl]“
x[3]
B _ 3.7
z,b3 = arctan F-)LS] r
| x[6] ]
a,D4 = arctan ——iﬂ-
ECIN
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3.02 Derivation of Phase Angles

The resultant exciting force due to the two planes of unbalance can be resolved into
two components,

X-component

= 6M1w2R1 cos wt + 6M2w2R2 cos(wt + @)

- ‘/(6M1R1)2 + (0MyRp)2 + 20M, R, MR, cos @ w? cos(wt + )
= Meucu2 cos(wt + ) (3.8)
where
5M,R, sin ®
Y = arctan (3.9)
oM, R, + 6MyR,, cos @
and
e —1‘/(6MR)2+(5MR)2+26MR6MR cos ® (3.10)
us 1R oR9 1R10MsR, :
Y
A

Figure 6. - Diagram of unbalance force and rotor
response phase relation.
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Similarly,
y-~-component
2 .
= Me w sin(wt + ¥)

From equation (3.6) it is observed that the response lags the angular velocity by an
angle A (i=1, 2, 3, 4). If the response vector is superimposed on the excitation
vectors as shown in figure 6, it can be observed that the response lags the resultant
excitation due to unbalance by an angle (y + ;). If, however, in computation, this
angle turns out to be negative, then the response instead of lagging will lead the excita-
tion. :

The resultant phase angles of the cylindrical responses with respect to the unbalance

is given by
”Dxl =Y+ I’Dl\
lpxz =Y+ 1,02
? (3.11)
Wyl =y + W3
"Uy2 =Y+ W4J

The resultant moment about the x and y axes due to rotor unbalance will have to
be calculated in order to compute the phase difference between the conical response and

the excitation moments.
The moment due to unbalance about y axis is given by

My = 6M1R1;01cu2 cos wt + 6M2R2p2w2 cos(wt + ®)

2 2 00 .2 | '
=‘/(p1R16M1) + (PgRyOMo)” + 20 1P R  RyBM, 6M,, cos & * w” cos(wt + ) (3.12)

and the moment due to unbalance about x axis is

2 e 2
M, = _‘/(lelaml)z + (pZRzﬁMz) + 2P {P9R{R9OM {8M, cos D w s1n(wt+zpt) (3.13)
where
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' P2R26M2 sin ®
Y, = arctan (3.14)
leléM1 + PZR26M2 cos &
Now,
a; = |a| cos(wt - ¥g)
and (3.15)

ay = || sin(wt - yg)

Hence the phase lags between the conical responses oy and Qq, with respect to the
exciting moment, is given by

Va1 =¥+ ¥s
(3. 16)
Ebaz = I;Ut + "IDG
3.03 Calculation of Force Transmitted to Bearings and of Phase Angles

Between Transmitted Force and Excitation
Force transmitted in the first bearing in x-direction is given by

Fx 1

Cix¥y + KX + Dyy¥y + Ryy¥y

il

cos wt|x[ Z]wC1X + x[ 1]Klx + x[ﬁ]wD1y + x[5]R1Y:|
+ sin ot |-x] l]wCIX + x[Z]le - x[5]wD1y + x[G]Rly]
= ‘%{1 cos wt + Bxl sin wt

where
Axl = x[Z]cuC1X + x[l]le + X[G]wDly + x[5]R1y

Bxl = -x[ l]cuC1X + x[Z]le - x| 5]wD1y + x[(i]R1y

) 2 2
ST | = YA + By
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and
Fyq= | Fyeq| cos(wt - i)
where

B
z,U7 = arctan _x1

x1

Similar expressions for the force transmitted in x- and y-directions in the first and

second bearings can be obtained from
Foy= Cry¥y + Kpy¥q + DypXy + RppXy = |Fyy |sin(wt + g)
Fyg = Co Xg + Ko Xq + Dzy)'r2 + Rog¥y = |FSz |cos(wt - Yg)
Fog= Czyffz + Koy¥g + D, X9 + Ry Xq = |Fyz |sin(wt+ )

where

2 2

|Fy1l = YAy + By
‘/ 2 2

‘FXZI = ‘AS(Z'FBXZ
‘/ 2 2

leZ' = %2+By2

Ayl = x[6]cuCly + X[5]K1y + x[Z]lex + x[l]Rlx

]3Y1 = -x[5]wcly + x[6]K1y ~ x[1]wDy + X[2]Rqy

sz = x[4]wC2x + x[B]KZX + x[8]<.¢)D2y + x["l]R2y
sz = -x[3]wCZX + x[4]K2x - x['?]tzy + x[8]R2y
%2 = x[8]cuC2}7 + x[7]Kzy + x[4]wD2x + x[3]R2x

Byz = -X[7]wczy + X[8]K2y ~- X[3](1)D2x + X[4]R2x
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and

11’8 = arctan | —~

Bya
| Ax2

A
11,10 = arctan —X?

By2

IPg = arctan
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PART IV

ROTOR DYNAMIC UNBALANCE ANALYSIS
4.01 Computer Programs for Rotor Steady State Solution

Three versions of the steady state unbalance response computer programs were
developed. These programs are ROTOR4, ROTOR4P, and ROTOR4M. The first ver-
sion, ROTOR4, produces tables of the various bearing amplitudes, forces, and phase
angles. The second version will plot any of these quantities as a function of speed. The
third version prints out only the rotor maximum amplitude at any particular shaft loca-
tion specified.

Detailed description of each of these programs is given in sections 4.02 and 4. 03.

4.02 Computer Programs ROTOR4 and ROTOR4P

A computer program was written to obtain the rotor steady state behavior, The
equations of motion (2.44) to (2.47) were solved for certain increments in speed. It is
to be noted that the general rigid body system redquires six degrees of freedom. How-
ever, with the assumption of constant angular velocity of the rotor and the rotor axial
equation of motion being uncoupled from the rest of the system equations, reduces the
system to one with four degrees of freedom. The equations considered are linearized,
based on the assumption that the rotor amplitudes are small, and the terms such as
6M13im, 6M1§;m are small in comparison to MSZm, My, etc. This program evaluates
the rotor behavior due to certain unbalance along different location and at different
planes of the rotor.

In addition to computing the rotor amplitudes, their phase lag or lead with respect
to the excitation and the amount of force transmitted, etc., this program also has pro-
vision for computing the amplitudes and their phase angles as functions of unbalance
force at any arbitrary location along the rotor length.

The program requires the following to be read as input data:

Card 1
1. WO - Initial speed rps
2. DW - Increment in speed, rps
3. WM - Final speed, rps
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1.

2.
3.
Card 5
1.
2.
3.
4,
Card 6
1.
2.
3.
4,
Card 7
1.
2.
3.
4,
Card 8

B N

L - Length between the bearings, in.

L1 - Distance from first bearing to mass center, in.

L2 - Distance from second bearing to mass center, in.

W - Rotor weight, Ib

IP - Polar moment of inertia of the rotor, 1b-in. -sec2

IT - Transverse moment of inertia of the rotor about mass center, 1b-in. —sec2
WM1 - First unbalance weight, 1b

WM2 - Second unbalance weight, 1b

H1 - Distance from first bearing to first unbalance, in.
H2 - Distance from first bearing to second unbalance, in.
PHI - Phase angles between unbalance planes, deg

R1 - Radius of first unbalance location, in.

R2 - Radius of second unbalance location, in.

N - Number of places other than the bearing locations where displacements are
to be measured

LZ1 - Distance from first bearing to first probe, in.

LZ2 - Distance from first bearing to second probe, in.

K1X - First bearing stiffness in x-direction, 1b/in.
K2X - Second bearing stiffness in x-direction, 1b/in.
K1Y - First bearing stiffness in y-direction, 1b/in.
K2Y - Second bearing stiffness in y-direction, 1b/in.

C1X - First bearing damping coefficient in x-direction, lb-sec/in.
C2X - Second bearing damping coefficient in x-direction, lb-sec/in.
C1Y - First bearing damping coefficient in y-direction, lb-sec/in.
C2Y - Second bearing damping coefficient in y-direction, lb-sec/in.

D1X - Cross coupling damping coefficient, 1b-sec/in.
D2X - Cross coupling damping coefficient, lb-sec/in.
D1Y - Cross coupling damping coefficient, lb-sec/in.
D2Y - Cross coupling damping coefficient, lb-sec/in.

R1X - Cross coupling stiffness, 1b/in.
R2X - Cross coupling stiffness, 1b/in.
R1Y - Cross coupling stiffness, 1b/in.
R2Y - Cross coupling stiffness, 1b/in.
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The data cards are in free field format. A comma should separate all data entries.
A comma is needed after the last data entry.
The heading printouts of the input data are as follows:

Line

L, L1, L2, H1

H2, W, WM1, WM2
Ki1X, K2X, K1Y, K2Y
C1X, C2X, C1Yy, C2Y
R1X, R2X, R1Y, R2Y
D1X, D2X, D1Y, D2Y
IP, IT, R1, R2

PHI

0 =3 O T W DN =

The output data are printed out as follows:

Column

Speed, rps

Displacement at bearing 1 in x- or y-direction

Displacement at bearing 2 in x- or y-direction

Phase angle of displacements at first bearing with respect to excitation
Phase angle of displacements at second bearing with respect to excitation
Angular displacements in x-z or y-z plane

Phase angles of angular displacements with respect to exciting moment
Force transmitted to bearing 1 in x- or y-direction

O 00 -1 B G W N =

Force transmitted to bearing 2 in x- or y-direction
Phase angles of the force transmitted to bearing 1 with respect to exciting

[y
()

force
11 Phase angles of the force transmitted to bearing 2 with respect to exciting
force

The printout of the output at any arbitrary location is as follows:

Column
1 LZ - The probe location along the rotor from first bearing
2 XL - Amplitude in the x-direction at arbitrary location
3 YL - Amplitude in the y-direction at arbitrary location
4 PXL, - Phase angle of the amplitude in x-direction at arbitrary location

with respect to excitation
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]

Column

5 PYL - Phase angle of the amplitude in the y-direction at arbitrary
location with respect to excitation
6 SPEED, rps

In addition to the above tables to be printed out, a plotter procedure is included ,
which plots out the amplitudes, force transmitted, phase angles of the amplitudes, and
transmitted forces at different rotor speeds.

The computer program ROTOR4P, which plots up the different variables with speed,
must be provided with the following input cards in addition to the eight input data cards
of ROTOR4:

Card 9
1. WP - Number of cards to be read to plot
Card 10
1. A - Case number
2. GK - Always to be set equal to 1
Card 11
B - Grid type (described in detail in table I)

C,D,E, F

. YMIN - Minimum value of variable along y-axis
. DY - Magnitude of variable along y-axis per inch of the total 6 inches along

3O Ul W DN

y-axis

. QQ - If '0' (zero), then program scales according to first line drawn on graph;
on the other hand, if this is '1', then the values of YMIN and DY must be pro-
vided

Card number 11 must be punched with proper input values and, as is obvious, can

©

be more than one, depending on the number WP of card number 9.
A listing of the above computer program is given in appendix B along with sample
output tables.
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TABLE I. - EXPLANATION OF VARIABLES B, C, D, E, F

IN INPUT CARD 11 AND EXPLANATION OF SYMBOLS

#fB=]1 2 3 4 5 6 7 Meaning
of
@) : symbols
C Xy t,lle ay ‘!’al Fxl PUBFX1 | Arbitrary ampli- A
tudes x and y
D yi Wyl ayl Yuo Fyl PUBFY1 | Phase angle of ®

amplitude at
arbitrary lo-
cation

E |xg| ¥g|--| ----| Fxg | PUBFX2 | ---mmoemmmmee +

- e | F o | PUBFY2 | m-cmmmmm e *
F o lvg| vy Fy, | PUBFY2

a‘C, D, E, F should be either "1' or '0' of 1; the corresponding variables
are to be plotted for particular value of B. On the other hand, if it is
zero, no plot is made.

4.03 Computer Program to Evaluate Maximum Rotor Amplitude and

Forces for a Four Degree of Freedom System (ROTOR4M)

This computer program evaluates design data for the four degree of freedom system
that simulates a rigid body rotor on general anisotropic bearings. Two planes of un-
balance are considered in this program and the response caused by this rotor unbalance
is evaluated. The program uses an iterative procedure to find the maximum amplitudes
and then the corresponding critical speeds, phase angles, etc. are determined. This
program calculates the amplitudes at each increment of rotor speed. When a peak am-
plitude is found by the iterative process, the corresponding speed is recorded, and all
other parameters are computed for this critical speed. A procedure is incorporated
into the program to obtain the maximum amplitudes and other needed design parameters
for arbitrary location along the rotor centerline.

The procedure which evaluates the maximum amplitude by iterative procedure is
FINDMAX. A flow chart of this procedure is shown in figure 7. The program requires
the following to be read as input data:

Card 1

1. SPEC - Allowable percent error on speed
Card 2

1. WO - Initial speed, rps

2. DW - Increment in speed, rps

3. WM - Final speed, rps
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M= {,1, NOL

AAIM, T-1]
13

CVIMI#

cvMlzCcvm]+t

TRUE

GETITGOQD:

CV[M] = CcvIMI+s

P=2;
OMEGA[T] = OMEGALI-1];
CVIM] = cviMI+t}

i

GO TO WRITEIT;

l

l 1DW ~ DW/Z 5 ]

!

Er—

J-2;

TRUE

GO TO ENDOFM;

o]
T

ﬁ}o 1

TCALCULATE ;

AA[M,PIS AADM,P-1

~OMEGA[I-17)/
OMeG A1)

FALSE

CVIM)=CVviMI+ 14

t
l GO TO WRITEIT ]
1
L— row=1owrz; |
{

—1 60 TO GO0GO; ]

1

OMEGA[S]= OMEGALP,J];
AALM.S1e AALM,P-J];

(WRITEIT: -

PP= O}

%

[ S=1.1,NOL DO ]

J= 341
P=1;
—
P

OMEGALP] =
OMEGALP-1]+1DW;

PP =PP+1,; J

(ENDOFM:)—-{ END; [

OF PROGRAM.

[enp oF ProcEDURE FINDMiA ;]

Figure 7. - Flow chart of procedure Findmax used in ROTOR4M.
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Card 3
1. L - Length between bearings, in.

2. L1 - Distance from first bearing to mass center, in.

3. L2 - Distance from second bearing to mass center, in.

4. W - Rotor weight, 1b.

5. IP - Polar moment of inertia, lb-in. —sec2

6. IT - Transverse moment of inertia of rotor about mass center, lb-in. sec
Card 4

WM1 - First unbalance weight, lb
WM2 - Second unbalance weight, 1b _
H1 - Distance from first bearing to first unbalance, in.
H2 - Distance from first bearing to second unbalance, in.
PHI - Phase angles between unbalance planes, deg
R1 - Radius of first unbalance location, in.
. R2 - Radius of second unbalance location, in.
Card 5
1. P - Number of places other than the bearing locations where displacements are

I DD U W DN

to be measured
2. LZ1 - Distance from first bearing to first probe, in.
3. LZ2 - Distance from first bearing to second probe, in.
Card 6 .
1. K1X - First bearing stiffness in x-direction, lb/in.
2. K2X - Second bearing stiffness in x-direction, 1b/in.
3. K1Y - First bearing stiffness in y-direction, 1b/in.
4. K2Y - Second bearing stiffness in y-direction, 1b/in.
Card 7
1. C1X - First bearing damping coefficient in x-direction, Ib-sec/in.
2. C2X - Second bearing damping coefficient in x-direction, lb-sec/in.
3. Cl1Y - First bearing damping coefficient in y-direction, lb-sec/in.
4, C2Y - Second bearing damping coefficient in y-direction, lb-sec/in.
Card 8 '
1. D1X - Cross coupling damping coefficient, Ib-sec/in.
2. D2X - Cross coupling damping coefficient, Ib-sec/in.
3. D1Y - Cross coupling damping coefficient, lb-sec/in.
4. D2Y - Cross coupling damping coefficient, lb-sec/in.

Card 9
1. RIX - Cross coupling stiffness, 1b/in.
2. R2X - Cross coupling stiffness, lb/in.
3. R1Y - Cross coupling stiffness, 1b/in.
4, R2Y - Cross coupling stiffness, 1b/in.

34



Card 10
1. CONTROL - Identifier controlling the symmetry of bearings. If CONTROL =0,
we are dealing with symmetric case

The data cards are in free field format. A comma should separate all data entries.
A comma is needed after the last data entry. '
The output data is as follows:

Column

Speed, rps

Coordinate (i.e., bearing 1 or 2 or any arbitrary location)
Amplitude, in.

Phase angle of the amplitude WRT unbalance

Major semi axis/amplitude of coordinate, DIM

Minor semi axis/amplitude of coordinate, DIM
Ellipse angle of major semi axis with x-axis

Bearing location of maximum force transmitted
Maximum force transmitted

Phase angle of maximum force WRT unbalance force
Percent cylindrical mode

WO 0 ~1I O U = W D =

—
- O

Columns 5, 6, and 7 give quantities needed to plot the elliptical orbit motion at the
specified location (i.e., bearing 1 or 2 or any arbitrary location). The following is an
example of an orbit motion plot:

ﬁY

Major semiaxis >\
Ellipse

angle

Minor semiaxis \

Column 11 indicates the percentage of the motion that is of a cylindrical mode type,
as opposed to the conical mode.

A listing of the above computer program is given in appendix C along with sample
output tables.

— X
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4,04 Application of Four Degree of Freedom Unbalance

Response Computer Programs

As an example of the computer programs ROTOR4 and ROTOR4P, the following
rotor is considered. The rotor and bearing characteristics are as follows:

w = Rotor weight, 110 1b

WMl = WM2 = Rotor unbalance, 0.2 1b

L = Distance between bearing centerlines, 30 in.

L1 = Distance from first bearing to mass center, 15 in.
L2 = Distance from second bearing to mass center, 15 in.
H1 = Distance from first bearing to first unbalance, 0
H2 = Distance from first bearing to second unbalance, 0
R1 = Radius of first unbalance location, 2 in.

R2 = Radius of second unbalance location, 2 in.

IP = Polar moment of inertia, 0.57 1b-in. -sec2

IT = Transverse moment of inertia, 21.6 Ib-in. —sec2
PHI =  Phase angle between unbalance planes, 0

KIX = 20x10% Ib/in.

K2X = 1.5x10% Ib/in.

K1Y = 1.6x10% 1b/in.

K2Y = 1.2x10% Ib/in.

RIX = 0 Ib/in.

R2X = 0 Ib/in.

R1Y = 0 Ib/in.

R2Y = 0 Ib/in.

Cl1X = 7.0 lb-sec/in.

C2X = 7.0 Ib-sec/in.

ClY = 7.0 1b-sec/in.

C2Y = 1.0 lb-sec/in.

D1X = 0 lb-sec/in.

D2X = 0 lb-sec/in.

D1Y = 0 lb-sec/in.

D2Y = 0 lb-sec/in.

The rotor performance was calculated for a speed range of 40 to 138 rps. Table B-I
(appendix B) represents the rotor input characteristics and the rotor x or horizontal
response for both bearings. The definition of the various rotor amplitudes, phase angles,
and forces transmitted is given in section 4.02. Table B-II represents the rotor response
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in the y or vertical direction. Table B-III lists the rotor displacements and phase
angles at arbitrary positions along the shaft corresponding to the number of places
selected on input data card 4. _

As an example of ROTOR4P the data presented in tables B~I and B-II (appendix B)
were plotted up by use of the plotiter routine. These plotting procedures are designed
to automatically scale the figures in 6- by 8~inch graphs. There are eight basic graphs
that may be obtained depending on the card input data. All or only several of these
curves may be plotted as desired.

The first plot, figure 8, represents the horizontal and vertical motion at both bear-
ings. Since the bearing stiffnesses in the s- and y-directions are all slightly different,
we obtain 8 distinct peaks or critical speeds. For each generalized coordinate or dis-
placement, we obtain two distinct peaks. The magnitudes of these peaks are directly
influenced by the location and magnitude of the rotor unbalance and damping. For ex-
ample, the first peak or critical speed in this particular example corresponds to a
'"cylindrical'' resonance and the second corresponds to a '"'conical'’ resonance. The
relative phase angle @ and plane of the unbalances will determine the magnitude of
excitation of each mode. For example, if the unbalances were situated at the rotor
mass center of a symmetric rotor, the conical mode would not be excited.

Figure 9 represents the phase angles between the radial unbalance force and the
displacement vector. Note that in the single degree of freedom model, the phase angle
become 90° at the critical speed and goes to 180° above the critical. In the four degree
of freedom rotor, the phase angle may vary from 0 to 360°, Figure 9 shows that at low
speeds the two bearings are in phase and at higher speeds the two bearings are 180° out
of phase. This also shows that the critical speeds need not occur with the response
lagging the excitation by an angle of 90° and increasing thereafter continuously up to
180° with increase in speed. The phase lag may decrease after the first critical is
reached, as can be noted in the response at bearing number 1, and then continuously
increase with increase of speed.

Figure 10 shows the plot of angular amplitudes oy and Qg with speed. On ex-
amining figure 8 along with figure 10, it will be noticed that the higher criticals ob-
served in the response plot of figure 8 are, in fact, the conical criticals. This conclu-
sion can be deduced from the phase angle-speed plot also. As shown in figure 9, the
relative phase difference between the rotor response at two bearings in 180° at higher
speeds, hence, the occurrence of conical criticals at these speeds.

Figure 11 shows the phase lag of conical responses with moment excitation in x-2
and y-z planes. The angular responses lag the momental excitation by about 180° at
low speeds, and this phase lag continuously increases to 300° with increase in speed.

Figure 12 shows the force transmitted to the bearings in horizontal and vertical
directions at different speeds with the specified bearing characteristics of the system.
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The occurrence of the maximum force transmitted is at the critical speeds, as can be
observed when compared with figure 8.

Figure 13 shows the phase lag of the transmitted forces with respect to the excita-
tion force with increase of speed. It can be observed that at low speed the forces trans-
mitted in the two bearings are in phase, but as the speed increases the relative phase
lag between the forces transmitted in two bearings increases. At very high speed they
are out of phase with respect to each other. The trend of these phase angles, in the
four degree of freedom system will be compared with a single degree of freedom system
later. This leads to a very interesting result.

Figures 14 and 16 are plots of the amplitudes of the rotor at +15 inches from the
first bearing. Figures 15 and 17 show the corresponding phase angles.

Figure 18 shows the plot of amplitude ratio against frequency ratio for a single
degree of freedom system. Figure 19 is a plot of the corresponding phase angle with
respect to excitation. It is well known that for a single degree of freedom system the
response lags the excitation by 90° at critical speeds, which increases rapidly at low
damping coefficient and the response is out of phase with respect to excitation at high
speeds. However, the same conclusions cannot be reached in case of rotor-bearing
systems where there is more than one degree of freedom. Figure 9, which is a plot of
the phase angles of response at bearings number 1 and 2, shows that in the first bearing
the phase angle gradually increases as the speed increases. At the critical speeds, the
phase shift is not necessarily 900, but may be more or less than 90°, nor does this con-
tinually increase and reach a value of 180° at very high speed, as is observed in a
single degree of freedom system. In the particular case considered, the phase angle
at bearing number 1 reaches a maximum value, then decreases with increase of speed,
and finally approaches a constant value of 180° at high speed, whereas the phase angle
at bearing number 2 continually increases with increase of speed, and at high speed is
lagging the excitation by 360°. This is quite an interesting and unexpected result and
was not observed in the single degree system mathematical model. In reference 3 a
plot of the phase angles of a six degree of freedom rotor-bearing system shows that the
response may lag the excitation by 540°, Figure 9 may further be utilized to obtain the
relative phase angle between the responses at two bearings. One important conclusion
that can be drawn from this is that at low speed the responses at the two bearings are
in phase with each other, but they are out of phase at high speed.

Figure 20 shows the plot of transmissibility against frequency ratio for a single
degree of freedom system. It can be observed that below a frequency ratio of 1.41 the
transmissibility increases with decrease of damping ratio, whereas above 1.42 the
transmissibility increases with increase of damping ratio. Hence, if the operating fre-
quency ratio is below 1. 41, it is advisable to have a higher damping, and for a frequency
ratio greater than 1. 41, the damping ratio should be low in order that the transmissi-
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bility remain at a low value. A damping ratio value of 4. 00 keeps the transmissibility
almost constant in the entire frequency ratio range.

Figure 21 is a plot of force transmitted/impresséd force against frequency ratio for
a single degree of freedom system. Here also, as in the case of transmissibility, the
force transmitted increases with decrease of damping for frequency ratio below 1. 41,
and above this the force transmitted increases with increase of damping ratio. This
plot provides a method for choosing a value of damping such that the force transmitted
remains at an optimum value in the entire frequency range. Figures 22 and 23 show the
effect of damping on the system. Compared with figures 8 and 12, these show that the
amplitude and the force transmitted to the bearings are considerably reduced. Fig-
ures 24 and 25 show that with a damping of 30 pound-sec per inch, the amplitude and the
force transmitted are reduced further and the response increases with an increase in
angular velocity. The interesting feature of the addition of this extra amount of damping
is that the resonance of the system does not occur any more at the two angular velocities
observed previously.

Figures 26 through 30 show plots of the output obtained from the ROTOR4M com -
puter program. The plots shown are for symmetrical bearings; i.e., the assumed
stiffness in the x- and y-directions for both the bearings are identical.

Figure 26 shows the cylindrical and conical critical speeds of the NASA gas bearing
rotor for various values of stiffness. Since the bearing characteristics are symmetric,
one cylindrical and one conical critical are obtained at a given stiffness. This shows
that the system is susceptible to instability at the lower critical due to the conical mode
and at the higher critical due to the cylindrical mode.

Figure 27 shows the plot of rotor amplification factor 'A' against bearing stiffness
for different values of damping. For a particular damping value, the amplitifcation
factor increases with increasing stiffness, and for a constant value of stiffness the am-
plification factor decreases with increasing damping.

Figure 28 is a cross plot of the amplification factor against damping coefficient for
various values of stiffness. The same conclusions as observed in figure 24 apply in
this case.

Figure 29 shows the plot of rotor phase angle at the cylindrical critical speeds for
various values of bearing stiffness. For a particular value of damping coefficient the
rotor phase angle decreases with increase of stiffness, and there is a decrease of phase
angle with decrease of damping for a particular value of stiffness. This is shown in
figure 30.
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Figure 9. - Bearing horizontal and vertical phase angle against frequency.
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Figure 26. - NASA gas bearing rotor critical speeds for various values of bearing
stiffness.
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Figure 27. - Cylindrical critical speed rotor amplification factor against bearing stiffness.
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Figure 28. - Cylindrical critical speed amplification factor against damping coefficient.
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PART V

STABILITY AND GENERAL TRANSIENT ANALYSIS
5.01 Stability Analysis of the System
In part I of this report a method to obtain the steady state solution of the system
was shown. This, however, is insufficient to predict completely operation of the sys-
tem. The stability characteristics of the system must also be known.
The homogeneous equations of motion are solved to get the time dependent transient

solution. The homogeneous equations of motion for the general four degree of freedom
system are:

ﬁl)'iz + 22}?1 + lexl + szxz + ﬁlyyl + f_tzyyz + Elx)‘{l + 62}{5{2 + 51y571 + ﬁZyyz =0
(5.1)
ﬁ1§2 + 1223;1 + I_(lyy1 + I—<2yy2 + ﬁlxxl + —RZXXZ + Elyirl + 623,372 + lekl + Bzxkz =0
(5. 2)
'RT()'EZ - 5&1) + ﬁpw(yz - &1) + Ry loXg - lelzlxl + ﬁzyﬂzyz
- ﬁlyzlyl + CoploXy - Cp ik + ﬁzyﬂzi’z - 51y21y1 =0 (5.3)
Ryp(g - V) - Ryl - X9) + Ky 0ovy - K 1y + Ry, 09%y
- Ry 0q%g + 625,12&2 - 61y‘115’1 + Dy lo%y - Dy 1%, =0 (5.4)
To obtain the characteristic equation, we assume a solution of the form:
Xy = AleNc Xg = AzeAt v = A3e7‘t Vg = A‘,‘ekt (5.5)

If the above solution (5. 5) is substituted into equations (5.1) to (5.4), equations are
obtained which can be written in the following matrix form:
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2 = 2 pos
A 22 + le A 21 + sz
+ RCIX + ACZX
2 = 2 =
A !Zz + Kly A !Zl + )\Cly
mlx + R1x m2x + R2x - _ A2
+ AC +K
1y 2y
(5.6)
=0
2% = 25 = = = = =
ARy - 2Cp, 84 A“Rp + ACo Lo -X(Rpw + Dlyll) A(Rpw + Dzyllz)
) A3
- leﬂl + K2x£2 - Rlyﬁl + Rzyll2
)\(Rpw - Dlxll) ,x(Rpw - szlz) -A R’I‘ - Aclyll A RT + AClelz
_ _ _ Ay
- Rlxﬂl + szzz - Klyﬂl + szﬂz
L JL

In order to have a nontrivial solution the determinant of the coefficients Al’ A2,
Ag; and A 4 must vanish. This will give us the characteristic equation, which is of the

form

SeapTsapbean®iaptiandianZianag=o (5.7)

A 1

0

Knowing AO’ Al’ e ey A8’ the above equation can be solved to get the roots of
the equation, A. A is usually complex, and is of the form

A=P+is

Here, P may be positive or negative or it may be zero. This, in fact, predicts the
decay or growth rate of the motion of the system. If P is negative, then the system is
stable, and the motion decays with time. If P is positive, then as is obvious, the
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motion grows with time and never comes to a stable situation. On the other hand, if P
is zero then the system is said to be on the threshold of stability. The values of the
parameters controlling the system keep it stable. If the parameters are changed, the
system either becomes permanently stable or unstable.

The expansion of the characteristic determinant, as shown in equation (5. 6) into the
form of (5.7) even for this four degree of freedom system, by the usual procedure to
expand a determinant, is formidable. This is much easier to do numerically on a
digital computer. This has been done in the computer program ROTSTAB to compute
numerically AO, Al’ e e ey A8’ and has been used to find the roots of the character-
istic determinant. The real part of the root, as has already been observed, gives the
decay or growth rate and the imaginary parts, the natural frequencies.

The computer program ROTSTAB is described in detail in 5.02.

Besides the above method of determining the stability criterion, the Routh Hurwitz
criteria can be used to determine the stability of a system.

If the characteristic equation is given in the form

N K
2 Angr =0 (5.8)
=0

Then the Routh Hurwitz criterion is given by the following determinant:

| ! ! H

i 0 1 0 eeee-

A1 :AO l| 0 : 0 ‘ 0 0

| I ! |
[ ' '

Ay Ay | A; A1 O 0 ---m-
] ! '
—_ - | I

_ | U R VO
|
1
|
|

The condition for stability is that the determinant DN must be positive.
Thus,
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D, =A;Ay -AjAs >0 &
(5. 10)

D3 > 0, for stability

For systems larger than fourth order, the Routh-Hurwitz determinant method be-
comes cumbersome and unwieldy to use. It is often preferable in such cases to use the
original Routh method as given below.

Consider the following array:

D, Dy Dy -- --
r (5.11)

E;, E, Eg -- -

H, -- - -- -

where
Cq = Ag - ApAg/A N
Co=Ay - AgAg/Aq
Cg = Ag - AgAn/Aq
Dy =Asg - A102/01 - (5.12)
Dy = Ag - A;C3/Cq

Dy =Ag - A1C3/Cy )
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Figure 31. - Rotor motion of NASA gas bearing in system.



The necessary and sufficient condition for stability is that all of the coefficients of

the first column of the array (5. 11) must be positive.
This criterion of stability determination has been included in the program ROTSTAB.

5.02 Description of Computer Program ROTSTAB - Transient Solution of System

Figure 31 shows the experimental plot of the rotor amplitude against the rotor
revolutions per minute of the NASA Lewis rotor. It was observed that the system goes
unstable at 26 700 rpm. The stiffness values that have been indicated at the occurrence
of the rotor critical speed have been obtained experimentally.

The numerical values of the stiffness and damping factors obtained experimentally
are fed in as input data with different values of the cross coupling stiffness term in the
ROTSTAB computer program to determine the attitude angle at which the rotor will be-
come unstable. The output obtained at a running speed of 27 000 rpm is shown in
appendix D. The calculated critical speeds follow quite closely those given by experi-
mental results. The system is found to become unstable at a cross coupling stiffness
of 127 000 pounds per inch. Hence the attitude angle will be given by

& = tan 1} ¥ = tan'1<____220 °°°> = 60°
R 127 000

The whirl ratio at the threshold of stability is 0. 73511, which corresponds closely with

the experimental results.
As is obvious from the results obtained, this analysis provides the information re-

quired to change bearing characteristics to make an unstable system stable.

5.03 Special Case - Symmetric Bearing and Rotor

If we assume

I_<1;<"IE.2>:= 'I%‘{ 61x=62x_ %{
I—<1y - EZY = E2y Ely 623' ny'
filx“f_‘.?,x“izx 51x=52x=D_2x
Ryy = Ryy = %l Ryy = Rgy = B:'2y
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and

L L
_1..=_2.=p=0_5
L L

then the equations of motion are simplified considerably. From the above assumption of
bearing symmetry we observe X{=X9g=X and y1=Y9=7.
Equations (5. 1) and (5. 2) then reduce to:

x+1g{x+Ryy+Cxx+Dyyf0 (5.13)
§+_I%Y+§XX+EY5'+EX5:=O (5. 14)

Equations (2. 42) and (2. 43) reduce to:

R
- . X . X2 2
Ipdy + uay + — L a1+7yL a2+?La1+?yL 2y =0 (5. 15)
D C R
"y . Ky 2 X 2 VL2 X .2

It is to be noted that the two pairs of equations (5. 13), (5. 14) and (5. 15), (5. 16) are
uncoupled. The first pair represents only the cylindrical mode and the second pair, the
conical mode in a given system.

We now assume solutions of the form:

At At

X = Ale y = A2e At

At
oy =Age ag = Aye (5.17)

Substituting (5. 17) into equations (5. 13) and (5. 14), we obtain the characteristic equation
for the cylindrical mode which is

4 3= 2
AT+ [CY+CX]+A [Ky+1g{+Cny-Dny:|

+ x[xycx +K,Cy - RD, - Rny:l + [leg, - RXRY] =0  (5.18)

Substituting equation (5. 17) in equations (5. 15) and (5. 16) and after some algebraic
manipulations, the characteristic equation for conical mode is obtained:
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R%)A + RT(CX + Cy)k3 + A2 I:R‘I‘(I%( + Ky) + Cny + (R.Pw + Dy) (RPw - Dx):l
+ A[KXCY + Kny + Ry(RPw - Dx) - RX(RPw + Dy)] + (KXI%, - Rny) =0 (5.19)

where
2KT>2
RT _L
2Kp)\2
RP= —_
L
and
_ 2
IT = MKT
_ 2
Ip = MKy
— 2K,
ST
— 2C
C, = =
M
etc.
5.04 Computer Program to Find Stability of Symmetric System (STABIL4)

This program uses equations (5. 18) and (5. 19) for the stability analysis of a sym-
metric bearing system. The cylindrical and conical modes are evaluated separately.
The real part of the roots gives the damping or growth rate and the imaginary part, the
natural frequency of the system. If the real part of the root is negative, then the system
is stable; if positive, it is unstable, and if zero, the system is neutrally stable.

The input data to the program is as follows:

Card 1
1. N - Highest power of the polynomial (in this case, always 4)
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|

Card 2
1. K, - stiffness in x-direction, 1b/in.
2. Ky - Stiffness in y-direction, 1b/in.
Card 3
1. Cx - Damping coefficient in x-direction, lb-sec/in.
2. Cy - Damping coefficient in y-direction, lb-sec/in.

Card 4
1. Ry - Cross coupling stiffness in x-direction, 1b/in.
2. - Cross coupling stiffness in y-direction, 1b/in.
Card 5

1. Dx - Cross coupling damping coefficient in x~-direction, 1b-sec/in.

2. DY - Cross coupling damping coefficient in y-direction, lb-sec/in.
Card 6

1. L - Length between bearings, in.
Card 7

1. W - Weight of the rotor, 1b
Card 8

1. IP - Polar moment of inertia of the rotor, lb-sec/in. 2

2. IT - Transverse moment of inertia of the rotor, lb-sec/in. 2
Card 9

1. OMEGA - Angular speed of the rotor, rps

For the first case, card 1 should be included, and for each additional cases cards 2
though 9 must be punched with proper data.

The data cards are in free field format. A comma should separate all data entries.
A comma is required after the last data entry.

The output data is as follows:
Cylindrical mode:

1. The coefficients of the polynomial in ascending power

2. Column 1 - Real part of the roots

Column 2 - Imaginary part of the roots (cylindrical natural frequencies)

Conical mode:

1. The coefficients of the polynomial in ascending power

2. Column 1 - Real part of the roots

Column 2 - Imaginary part of the roots (conical natural frequencies)

The heading printout is as follows:

Line 1 -Ig{, Ky’ Rx’ Ry

Line 2 - Cx’ Cy, Dx’ Dy
Line 3 - IP’ IT’ L, W
Line 4 - Speed, rps
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PART VI

CONCLUSIONS AND SCOPE

1. The equations of motion that have been presented here consider 13 degrees of
freedom, taking into account the axial movement of the system and the eight degrees of
freedom for the two bearing housings. Equations (2. 25) to (2. 38) represent the gen-
eralized system equations of motion. The steady state analysis in this report assumes
a constant angular speed and rigid housing. For preliminary design analysis of a rigid
body rotor bearing system, the curves shown in figures 23 to 30 (pp. 55 to 62) are useful
in finding the critical speeds for certain bearing characteristics.

Figures 7 to 16 can then be used for investigating the amplitudes, phase angles, and
force transmitted for the speed range in which the rotor is expected to operate.

2. The analysis does not consider any particular type of bearing, but the equations
of motion can be applied to any type of rotor-bearing system. In order to investigate
the steady state and transient behavior of the rotor, the Reynold's equation must be in-
cluded and solved to obtain the pressure distribution and the radial and tangential forces
in order to find the bearing characteristics. These can be utilized to solve the steady
state and transient equations for the system.

3. The assumption of a rigid bearing housing can be discarded, retaining the
assumptions of small amplitude and constant rotor speed. This results in twleve
coupled linearized second order equations. The axial motion equation, being uncoupled
from the rest of the system equation, can be solved independently. These twelve equa-
tions can be used to investigate the effect of the flexible housing on the entire system.

4, The twelve linearized equations of motion can be further investigated in order to
find the threshold of stability by applying Routh’s criteria. By varying the various bear-
ing parameters, the threshold of stability can be obtained and the optimum bearing char-
acteristics for stable operation of the system determined.

5. The nonlinear equations of motion can be further analyzed to obtain the time-
transient solution by numerical integration. Being time consuming, this may be applied
only in particular critical situations. This orbital analysis will further supplement the
threshold of stability analysis as indicated previously. The possibility of obtaining
time-transient solution by numerical integration may further be extended to observe the
effects of shock loading on the system.

6. Figures 20 and 21 show the transmissibility and force transmitted against fre-
quency ratio curves for a single degree of freedom system. These curves are useful
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for finding the optimum damping values if the rotor is expected to operate over a wide
speed range. These curves give an approximate idea of the rotor-bearing behavior if,
by making simplifying assumptions, the system is reduced to a single degree freedom.
In order to get more accurate data for the opimization of damping values, the program
ROTOR4P could be extended to plot similar curves.

7. The plots of phase angle between response and excitation show that they may
exceed 180°. This differs from the results of simplified analyses. These phase angle
plots may be used to predict whether a system will go unstable in a cylindrical or coni-
cal mode.

8. The derived equations of motion can be utilized to investigate further the effect
of gyroscopic forces on the system.

9. The analysis and design data presented in this report are applicable to a general
RIGID-BODY rotor bearing system. However, they can be extended to a flexible rotor-
bearing system as indicated by Poritsky in his simplified analysis in reference 7.
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APPENDIX A

A-01 DERIVATION OF KINETIC ENERGY OF ROTATION OF ROTOR

Consider x, v and z the fixed reference frame. If we assume that the rotor
undergoes small angular displacements oy in the x-z plane and a9 in the y-z plane,
then in order to arrive at the kinetic energy of rotation of the rigid rotor, it is necessary
to express the resultant angular velocity fixed in the body. Let ffx, n_, and ﬁ’z be the
unit vectors in the direction of the fixed reference frame as shown in figure 32. In this
figure the final configuration of the rotor is shown. To arrive at the expression for

Figure 32. - Fixed reference frame.

angular velocity vector with reference to the axes fixed in the body, consider three
angular rotations, one at a time.

Figure 33(a) shows the first rotation ay in the x-z plane and figure 33(b) shows
the second rotation Qg in the y-z plane. Then the rotor is rotated about its axis by an
angle ag.

The angular velocity vector with respect to the body axes will have three compo-

—

nents along ngr', n}'{', and né'. Now

— — —

Q= -&2 ng + a, n_ + (313 n; (A-1)
From figure 33(c)
H}'{ + @' cos @g - ni'sin a g (A-2)

From figure 33(b)
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Figure 33. - Rotations from fixed reference frame.
g i X R
ny = ny cos 0y + 1! sin o, (A-3)
From fig. 33(c)
1_1;'7 = g, CoS Qg + n" sin aq (A-4)

Substituting equation (A-4) in (A-3) we obtain:
r_fy = 1-1;'(' sin Qg COS Ug + ﬁ;’,’ COS (g COS Ug + ffé' sin aq (A.-5)

Substituting (A-2) and (A-5) in equation (A-1) we obtain the angular velocity vector
fixed with the body

Q= 1—1;'{' [—d!z cos Gg + dl sin a4 cos az] + 1_1}' [dz sin ag + ézl cos (g COS az]
+ ffé‘ [Exl sin &, cos aq + 613] (A-6)
Since ay, Qg and Qg are assumed small, equation (A-6) can be written as
Q= 2 n}'{' + al cos @, ny + (a sin ag + a3) n'' (A-7)
The kinetic energy of rotation of the rotor is given by:

_1 ,2 " 2 "2
_EIX' w t wn +—-I" z' (A—S)
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From (A-17)

wy! = —c'rz
wg,' = ézl cos a,
wy! = c311 sin a, + d3
For a rotor

I}'{' + I;,' = IT = Transverse moment of inertia

Ié' = IP = Polar moment of inertia of the rotor

. _1 2 2 1 2
. TR_'Z'IT(Q";C' +<.uy')+§IP wé

N | =

Derivation of Kinetic Energy of Unbalance Masses

y4
X -
m Ym
J/\}\pl ’/\\
) - ~. am
X 8m|‘5|' \\2‘\@ RZOTO
\\/, h\R Q
\j
v

Figure 34. - Location of rotor unbalance masses.

The position vector of the first unbalance mass is given by

~6M,/0 - -
P = p1 n'' + R1 e

=Py ﬁ;’ + R4(cos ag ﬁ;'{' + sin ag ﬁ}')

IT<a§ + df cos? a2> +';'IP<d1 sin &y + dz3>2

(A-9)

(A-10)



The velocity of oM ¢ is given by

. R' -
RVGMl/O _ 6P N RwR' % i;le/O

ot
From equation (A-T7)
RR' 4. 0" 4 & cos aq B + (&g sin ay + o) 0
2+ 2y 1 2t a3z ny
=~ -y ﬁ;‘ + ay ﬁ;’,’ + ag ﬁ;‘
R R' 55 _ i 0
w XP= n' n}',' n!
R]. cos a3 Rl sin 0!3 p].

= 01'(a;P - 3Ry sin ag) + ﬁ}'(&zﬁ + agRy cos ay)
+ IT;('QZRl sin ag - alRl cos a3)

The total velocity of 6M is, therefore, from equation (A-11),

R{7'6M1/0=(5< +P, &y - 0qRy SN @) N + (V. + Py o + Rydrq COS ao)n’
m " P1% T *3™M 30 + Wy +P1ag + Ryag 3/ Ny

+ (ém - c'szl sin ag - &R cos aj) n)!

(A-11)

(A-12)

(A-13)

(A-14)

Assuming that the second unbalance mass is displaced from the first by a phase

angle ®, then the velocity of the second unbalance mass is given by:

~6M /0
Ry o/

+ {im - Ry [&2 sin(a3 + ®) 4 {11 cos(a3 + @):I}ﬁ;'

The kinetic energy of the unbalance masses is then given by:

= [xm +Pgay - agRy sin(oz3 + (I))] ng' + [ym +Pgay + agRy cos(oz3 + tI))] ns'r'

(A-15)
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U~ 2 1 9 2

1 . . . 2 . . . 2

+ ('zm - dZRl sin ag - c'lel cos a3)2]
+ E oM, <[ m* pzal - a3R2 sm(cv3 + <I>)] [ym + pzaz + a3R2 cos(oz3 + ¢I>):| 2

+ {ém - Rz[dz sin(ag + @) + & cos(ag + <I>)]}2) (A-16)

The kinetic energy of unbalance can be written in more general form with unbalance
masses as:

N
Z {E{m +Pyaq ~ agR; sin(ag + CDi)]z + [Ym + Pjaq + Ryag cos(ag + @i)]z}
i=1

NII—-‘

. . . . 2
+ [Zm - agR; sin(ag + ®)) - a Ry cos(ag + <I>)] (A-17)

The phase angles @i's are measured with respect to the first unbalance mass;
hence, <I>1 = 0.
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APPENDIX B

LISTING AND SAMPLE OUTPUT OF COMPUTER PROGRAM ROTOR4P
PLOT PACKAGE

COMMENT THE DRC CALCOMP PACKAGE HAS BEEN INSERTED AT THIS POINT;
ALPHA FILE OQUT PLOTTER 2 ( 1s 376» SAVE 1 )3
FILE OUT SPD 11(1510);

PROCEDURE SYMBOL(X0» YO, HGT» BCDs THETA, N);
VALUE X0» YOs» HGT» THETA» N3

INTEGER N3 ALPHA ARRAY BCDLO];

REAL X0s Y0» HGT» THETAjS FORWARD?

INTEGER ARRAY PLOTARREYALO: 5021,PLOTARREYALl, PLOTARREYA2[0:8])
INTEGER ARRAY ~SYMBULARREYAL0:112], SYMBOLARREYBI[=15:631}
ALPHA ARRAY PLOTTERBCDEFLO:31;
PROCEDURE PLOT(X,Y»IC> 3
VALUE IC3 REAL X»Y 5 INTEGER IC 3
BEGIN
PROCEDURE TaALKS
BEGIN
ARRAY MESSI03:101; INTEGER ILK}

FILL MESS[*) WITH "OPERATOR, SET PLOTTER TAPE 7O LOW NDENSITY AND PU
RGE . €y

WRITEC(SPO»7sMESST*])3

END
DEF INE M = 498 g COMMENT M+2 MUST BE A MULTIPLE QF 43
COMMENT UPPER BOUND FUR PLOTARREYA MUST BE AT LEAST M+1;
CUMMENT BUFFER SIZE MUST BE AT LEAST 3x(M+2)/4+1}
LABEL AUSs FINSHs, uUNs L1s FIRST:
DEFINE A = PLOTARREYA 4,
A1 = PLOTARREYA1l #,
A2 = PLOTARKEYAZ #3
DEFINE BILKNU = PLITIERBCDEE #3
PROCEDURE PACK (A, NY3 VALUE N3
ARRAY ALO1s INTEGER N3
BEGIN
INTEGER 1.J3%
I ¢« =13 J €& 0} WHILE J & N DO
BEGIN
ACT€I+1]1 € ACJ+11.012:121 & ALJI01:313:351% U € J + 13
ACT€l+1] € ALJ+1}1.012:241 & ALJIL01325:23)3 J ¢ J + 13
ACTeI+1] e Alyg+1y & ACJI0123731115 J ¢ 4 + 7
END
END  0OF PACK;
OWN BOUOLEAN FIXEDs NUTAPEL, BOOL»s PEN;
OWNN INTEGER I, NPXs NPY» RA» T» BUF3}
NWN REAL LENGTH, RECNRD:
INTEGER JsKpJJrNXsNYsDXsDYs IXs TYSNRSNTsNCr»II1,I12sNA»JJ] H
INTEGER SNPY, SNPX, ISEE}
DEF INE TAPECK =

LENGTH ¢ LENGTH + RECURD; NUTAPE ¢ LENGTH > 900 3
DEFINE NUBUFF =
SEGIN A[I] ¢ "34e "3 PACK (A» M+1)3
WRITE (PLOTTER, BUFs AL=x})}
TAPECK3 STARTPLOT END # 3
DEFINE STARTPLOT =
ACO) € "aa64a44m; ACL1]) ¢ "444433%"3 A[2]1 € "333332"3
I « 3 # 3

IF TC > 3 DR IC <=5 THEN GO TO AUS’
ISEE € ICs
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1F IC <

=3 THEN IC ¢ =3;

IF NOT FIXED THEN

BEGIN
FILL AL1(*] WITH

FILL A2({*) WITH

NPX € NPY ¢
LENGTH ¢ 03

BUF
FOR
BEGIN

WRITE (PLOTTLER,
IfF TIMEC1) =

BEGIN

CLOSEC(PLOTTERS, SAVE) I ¢«

TALKS
END;
T €
END S

LABEL DumMY;
UCT50520000000,0CT50600000000,0CT50700000000
UCT605200000C0,3(T60600000000,0CTE0G70G0000000
0CT70530000000,00T70600000000,0CT70700000000
3CT50500,0CTS5N600,0NCTS507G0,0CT60500,0CTH0600,
0CT60700,0CT70500,0CT70600,0CT70700

03 BA € IF ISEE = -4 THEN O ELSE 13
NUTAPE € FALSES;
€ 3 x (M+2) / 4 + 13 BNOL
I ¢« 1 STEP 1 UNTIL 5 DO

“r e W

¢ PEN € TRUL:S

BUF» Al*1);

T < ,017 x BUF + 1 AND I > 2 THEN

03

TIMECL1)S

GN TO FINSHS

END 5
FIRST:

REGIN
X €

END 3

1F ROOL THEN

FIXED e TRUES
IF IC = ¢

THEN

NPX/1003 Y € NPY/1003 40 TN AUS

Te "OD0O6006"3

IF ARS(IC) = 2 THEN

BEGIN

IF NOT PEN
LF BUOL THEN Te

END
ELSE
BEGIN

IF PEN
IF RUOOL THEW

ERD
ELSE

GO 70 ON 3
"000700A" ELSE T € T + 13

THEN

IF ABSCIC)Y = 3 THEN

THEN GO T0 ON 3

Te m00500A" ELSE T ¢« T = 15

GO TOo IN

H
PEN ¢ NOT PEN 3

ALI] ¢ IF BDUL THEN T +

saoL
I €
JJ €

FOR K « 1 STEP 1 UNTIL JJ

REGIN
If 1

All1] e

END 3
T «
1 €
NX €
DX €

ON:

NPX ¢ NX

"660660" ELSE T + "000660"3

« TRUE

I+ 1

1HEN 8 ELSE 23

Do

1IF ARBSCIL)Y = 2

NUBUFF
I €1 + 13

THEN
"466H6ATS

> M

"006006";
1 - 13

10040
NX =

x X 3 NY € 100,0 x Y 3
NPX 3 DY € NY MPY 3
NPY € NY 3

IF DX 2 0 THEW

RECORD €(6x(M+1)/200+40.,75)/12}



L1

FINSH:

It DX O THEN IX € 3 ELSE IX € 6 ELSE IX € 0
IF DY 0 THEN
IV DY 0 THEN TY € IX 4+ 1 ELSE IY € IX + 2 ELSE IY ¢ IXx
IF ARS(DX) 2 ABS(DY) THEN
BEGIN
NR € ABS(DY) 5 NC ¢ NT « ABS(DX)
X ¢« IX + 1 3

v

EnND
ELSE
BEGIN
NR ¢« ARS(DX) 3 NC € NT ¢ ABS(DY)
IX ¢« 1Y = IX + 3
END 3
NA ¢ NT DIV 2 3
IF NC # 0 THEN
BEGIN
NA ¢ NA + NR 3
IF NA 2 NT THeN
REGIN
IF BOUL THEN 1 € T + A1f1Y]
ELSE T « T + A2[1IY] 3
NA € NA = NT H
END
ELSE
BEGIN
IF ROOL THEN | € T + AtLIX)
FLSE T € T + A21IX1] H
END
HUOL € NOT BAUL 3
[F BPOUL THEN
BEGIN
ALTY € T 3 I € 1T +1 H
T € "006006":
IF I > M THEN NUBUFF;
END 5
NC € NC = 1 5
GU TO L1 3
EnD
IF NUTAPE  ANu  ABSCIC)Y) = 3  THEN
BEGIN
NUTAPE € FALOE; LENGTH € 03
SNPX € NPX3; SNPY € NFY3

PLLTC(C,0,=1)3

LNCK (PLOTTEKs SAVE)S BA ¢ BA =2;
PLOT (0,0,-1)5 PLOT (SNPX/100, SNPY/100s 135
END
IF IC < 0O THERN
BEGIN
IF BOOL THEN I ¢« I = 1 ELSE ALIL]l € T + "000660";
Il « T + 1 3 NUBUFF 3
BUNL € TRUE ;
NPX € NPY ¢ 0 B
IF ISEE > =5 THEN
REGIN

JJeRA3 NAeDS

’
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BEGI
END
ENDS
BEGI
BEGI
Enn;
END
END

AUS: END

PROCEDURE

VALUF

INTEGER

RE AL

ALPHA ARRAY
BEGIN

INTEGER

REAL

NHN  BOULEAN

DEF INE

LABEL

FOR K € 0, 2, 4 DO
N
J € JJ MOD 193 JJ € JJ DIV 103
NA € NA + (Cd 4+ g MDD 4y + (4 + J DIV 4) x €4) x 64 % K
STARTPLOT; AT60]1 € A[2]3 A[2]1 € AL{2]1 = 1} Af{3] € NA;
Af4] € "133333"; ALS3 € "334444v; ALS91 ¢ Af1135
FAR JJ ¢ 6 STEP 1 UNTIL 58 DO ALJJIe ALOD:
BA ¢« BA + 13 1 € 613 NUBUFF
IF ISEE = =4 AND FIXED THEN
N
BLKNULO]1 € “START 3 BLKNQL1} ¢ "QF BLO";
BLKNU[2] € "LK 0Q00'; JJ € BA ~ 17
FOR K € 05157 Do
N
J € JJ M0OD 103 JJ € JJ DIV 10}
BLKNOL[?2]) ¢ BLKNO[2] + J X 64 x K
SYMROL (0.1s1,4,0.07 BLKNO» 270, 1833
FLOT (150s=5)
H
IF NUT FIXED TREW GO TO FIRSTS
UfF PLOT?#
SYMEBDL(X0, YOs» HGT» BCDs THETAs, N) 7
X0, YUs HGT» [HETA, N 3 .
N 3
XO0s YUs HGT, THETA 3
BCNEN]
BINXs A4C, Wy, NSC, AINX, I, MUVES
XAs YA, Xs Y» XN, YNs» NSTS}
FIXEDS BOJLEAN LPs M73
A = SYVBULARREYA #» B = -SYMRULARREYDB 23
Yi» EL» EXIT» LDADBS
IF NOT FIXED THEN

FILL AL« WITH 0CT103041463717060, DCT1110000000000000,

0CT103020271600000,0CT400001454637170,0CT605000000000000.
0CTO11030414334143,0CT445463717060000,0€7070343333730204,
NCTO0UD0000DINL0O000,0CT0110304814334040,0CT747000000000000,
0CT031634436130100,0CT106173746000000,0CT060747212000000,
NCT344361301001031,0CT434454637170605,0CT140000000000000,
DCTO011030414637170,0CT604133344000000,0CT111514041412024,
0CT232313534440400,0CT313313114144040,0¢T040000000000000,
pCTO00000000000N000,0CT101121201070222,0CT345463717060000,
DCT111222211170141,0CT525241400000000,0CT7024406000000000,
0CT014170064402000,0¢T212523034300000,0¢T000343463717060,
NCT343400000000000,0CT040737464534040,0C¢T030414334000000,
0CT420130100106173,0CT746450000000000,0CTN00737464130000,
DCTH70704340400400,0CT4707043450400000,0CT433343413010010,
NCT617374645000000,0CT000704444740000,0¢T103020271737000,
0CT102021111000000,0CT7301037370000000,0CT362717060540314,
0CT220100103140000,0CT301215370000000,0CT460442000000000,



BEGTN

END
BEGIN

BEGIL

END
BEGI

BEGIN

NCT4404315130400000,0CT014523054100000,0CT011030414700000,
0CTO00703472540000,0CT070040000000000,0CT000723474000000,
0CTOoN0740470000000,0CT103041463770364,0CT770371706011000,
NCTON0737464534040,0CT100106173746413,0CT010702240000000,
NCT0007374645354043,0CT443400000000000,0CT023243341405164,
0CT626272003000000,03CT014523054123034,0¢7323252100000000,»
0CcT03430000000N0000,uCT103235170000000,0CT102122121121702,
NCT425151424000000,0UCTO014170420446000,0CTN00000000000000,
3CT0047000000U0000,0CT011030414334140,0CT506173746000000,
0CT202707470000000,0CTO70110304147000,0CTO72047000000000,
NCTO70024404700000,0CTO04770074000000,0CT072547252000000,
NCTO74724143424004,3CT000000000000000,0€T102122121121000,
GCTON4770160607171,UCT670413130404100,NCTO024635450535130,
CT343000000000000,0CTO24270044400000,0CT103037170000000,
0CT141670363400000,0CT004044040004242,0C7200000000000000,
NCTO04422044022000,0CT004000440444220,0CT004004440022000,
10T243443413010010,0CT314242200000000,0€T244220022422000,
DCT202244220422000,0CT222422000000000,0CT240141242200000,
(CT240242242022000,0CT443313041311001,0CT131403133220000,»
NCT103650046410702,0CT2220000060000000,0CT024222202422000,
0CT004404402200000,0CTON4422242022044,0CT022024222000000

LF NUOT FIXED THEN

FILL BOx] WITH OCT30157,0CT12156,0CT14155,0CT22153,
NCT32451,0CT14150,00T12147,0CT06146,0CT14145,0CT14144,
NLT26142,NCT14141,00T16140,0CT14137,0CT20135,0CT22000,
NCT12002,0CT22003,N0CT32005,0C720007,3¢T22011,0CT30013,
0CT12015,(:CT40L016,0CT30021,0CT34023,0CT22025,0CT32030,
NCTR4032,UCT06034,0CT14035,0C712036,0CT24037,0CT30041,
O0CT24083,0CT16045,0CT16046,0CT14047,0CT30050,0CT14052,
JCT14053,0CT12054,0C¢T10055,0CT732056,0CT10060,0CT06061,
0CT120%2,0CT12063,0CT12064,NCT14065,0CT06066,0CT12067»
0CT10070,0CT34071,0CT16073,NC130074,0CT24076,0CT26100>»
DCT?26102,UCTO04104,0CT10105, 0LT30106,0CT14110,0CT00111,
NCTO4112,00T3VU113,0¢T10115,01CT14116,0CcT06117,0NCT12120,
NCT12121,0CT12122,0¢T20123,0CT14125,0CT34126,0CT22130,
NCT12132,0CT1V133,0CT12134 3

FIXED ¢ TRUES

XA € (HGT/7) x CnNS(LV,01745330754 x THETA)Y

YA « (HGI/7) X SINCUL01745330754 x THETAY 3

IF ~N20 THEN

X € X0 3 Y € YO
ELSE

{F N <« =99 THEN
N
BINX € =(N+10U0);
Xe XU = 3xXA + 3,5xYA} Y € YO = 3XXA = 3,5xYA3
ELSE
N
XA € 7 xXA / 43 YA € 7 x YA / 43 BINX € N3
X € XU = 2xXA& + 2xYA 3 Y € YO = 2xXA = 2xYA;
PLOT (XUsY0,»3)} GO T0O LOADB;

FOR AC € 1 STEP 1 UNTIL N DD

.
)
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LOAUR?
BEGIN
X
Yi: X
ELS END I
I
BEGIN
P
END3
X
END
FXITs END O
PROCEDURE
VALUE
ALPHA
BEGIN
INTEGER
ALPHA STREAM PR
BEGIN
ENNS
BFEGIN
END
BEGIN
END
END
PRUCEDURE
VALUE
REAL
BEGIN
DEFINE
END

We BCDLC(AC=1) DIV 61.,012:361;
Well2:230] ¢« W,[1683301;

1F AC mMOD % =1 THEN
BINX € W,[12:615

LP ¢ TRUE}; M7 ¢ FALSES

USC ¢« BIBINX].[33:6]; AINX ¢ BIBIRX}«[39:9] = 13
FOR [ € 1 STEP 1 UNTIL 0SC bO

1 THEN OSTS € ALAINX € AINX+11;
0STS.[3342] € 0STS.[6t42];
M7 THEN GO TU EL ELSE GO TO

IF 1 MDD 15 =
MOVE ¢ 0STS.L3:31;
IF NOT BOOLEAN(I) THEN IF

M7 € MDVE = 73 LP € LP NR M7

N ¢ XA X MIVE} YN ¢ YA x MOVE; G0 70 EL:
N € XN = YA x MOVE + X3 YN ¢ YN + XA X MDVFE + Y;
PLOT(XN, YN, 2 + REAL (LLP)); LP € FALSES
1.00OP;

F N < O THEN

LNT (X0s YD» 3); GO TO EXIT
€ X +6XXA 3 Y € Y + AXYA

F SYMBOL;

CONVERT(X» N» ALF1s ALF2);

Xs N3 INTEGER N3

ALF1» ALF23 REAL X3

Aly A2, INT, DF3

OCENURE AL (P)3

DI « LOC ALF; ST « P;

DS € 2 LIT "00"; DS ¢« 6 DEC

K € X + 0.5 X SIGN(X) / 10 * N3
Al € IF X 2 0 THEN " or ELSE v
IF CINT ¢ ENTIERCABS(X))) > 99999 THEN

-O";

ALF1 € "ILLEGAY; ALF2 € "L NO,

ELSE

DF ¢ A2 « ALFCINT)YS
FOR

DF ¢ ENTIER ((ABS (X) = INT) x @5);

OF NUMBEK;

Y1

DF € DF.l12230) WHILE DF>0 DO A1.[12:307eA1,018:30)3

ALF2 € ",00000" + ALF (DF):; ALF1 € A2 + A1

UF CONVERT;

WUMBER (X» Y» HGT» FLT». THETA, N)3

Xs Ys HGT» FLT» THETA, N} INTEGER N3

Xs Y» HGT, FLT» THLTAZ

BCh = PLOTTERBCDEE#S

CONVERT (F|T» N, BCDLOI» BCDL1]); IF N <1 THEN N € =13
[F BCDI[O] = M"ILLEGA™ THEN N € 4;

SYMRUL (X, Y, HGT, BCD», THETA, N+7)



PROCEDURE AXIS(X»YsBCOsNC,SIZESTHETA» YMIN,DY) 3

VALUE X»YsNCsSIZE>THETAS YMINSDY 3
REAL Xs Ys SI17ZF» THETA, YMIN, DY 3 INTEGER NC 3
ALPHA ARRAY BCDLO1 3
BEGIN )
REAL SGNsTH»CTH»STHs XBsYBsXA»YAsXCr»YC+CHAR»ABSV>EXPP»ADY»TNC
REAL XDs YD, DD? BODLEAN FINE, FLIP3:
INTEGER . Ns JI» NT» NAC ; ALPHA ARRAY ABCD(O:1] s
LABEL L90s L91, L92s LS50}

SGN ¢« IF NC = 0 THEN 1 ELSE SIGN(NC):
FINE € SIZE < C3 SIZE € ABS(STZE)> NAC € ABS(NC);
1IF FLIP « BCULOY < O THEN SGN € ~SGNj;
TH « THETA x 0,017455 3 N « SIZE 3 CTH « COSCTH)Y 3
STH € SIN(TH) H XB € X H YB ¢ Y H
XA € X = 041 %X SGN X STH 3 YA ¢ Y + 0,1 x SGN x CTH
I € IF ABSCNY) <10 THEN ABS(DY)IX®9 ELSE ABSCDY)’
FOR I € 1710 WHILE I >10 DO
DD € IF I=8B UR I=4 THEN 4 ELSE 53
PLOTCXA, YA, 3)
FUR 1 ¢ 1 STEP 1 UNTIL N DO
BEGIN
PLOTC(XB» YBs 2) 3 XC € XB + CTH 3 YC € YB + STH
IF FINE THEN FOR NT € 2 STEP 1 UNTIL 0D DN
HEGIN
XB € XB + CTH/DD3 YB ¢ YB + STH/DD’ PLNT(XRsYR»2)?
XD € XB = SGN x STH / 20j YD € YB + SGN x CTH / 203
PLOT (XD» YD» 233 PLOT (XRBR» YBs 2)

e

END

PLOT(XC» YC» 2)

PLOT(XA, YA, &)
END

IF NC=0 THEN GD TO L50;

ABSV ¢ ABS(DY); EXPP € 0}

1F ABSV < 100.1 AND ARSV > 0.00999

AND ARS(YMIN) < 10000 THEN GO TOD L92;

H XA ¢ XA + CTH 3} YA € YA + STH}
; XB € XC 3 YB € ¥YC

L90s IF ABSCYMIN) < 10 « (EXPP+3) AND ABSV < 0,9999 THEN
BEGIN
ABSV ¢ ABSV X 103 EXPP &« EXPP = 13 GO TN L9O
END
Lods IF AEBSYV > 10,0001 THEN
BEGIN
ARSV ¢ ABSV / 105 EXPP € EXPP + 13 GO TQ L91
END 3
L92: ADY € DY x 10 « (=EXPP);

AHSYV € YMIN x 10x(=EXPP)Y + N x ADY 3
XC & (IF FLTIP THEN =SGN/10 ELSE SGN/S5) = 0.05;
XA o XB = XC x STH = 0.53 x CVH
YA € YB + XC %X CTH = 0.53 x STH 3 N € N + 1
FOR I e 1 STEF 1 UNTIL N DO
BEGTIN
NUMBER(XA, YA» ,1» ABSV, THETA» 3) 7 ABSYV € ABSV = ADy
XA € XA = CTH 3 YA € YA = STH
END
TNC ¢ NAC + 7 3
XC € SIZE x 0.5 = 0,06 x TNC
YC € (JF FLIP THEN SGN x 0,3 ELSE =SGN X 0.4) + 0,073

‘oo
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L50:

PRACEDURE
VALUE
INTEGER
AKRAY

INTEGFR
REAL

PROCEDURE
VALUE
REAL
INTEGER
REAL ARKA

INTEGER

PRICEDURE
VAILUE YMA

REAL
INTEGER
LABEL
DEFINF

XA € X + XC x CTH + YC x STH

YA € Y + XC x STH = YC x CTH 3

SYMBOL(XA, YA» 414, BCD, THETA,

IF EXPP = 0 THEN GO TO LSO H

XC @ (TNC = 6) x 0,12 H

XA € XA + XC X CTH

YA € YA + XC x STH

ABCDIO) € "(1v w3

SYMBOL(XA, YAs, .14, ABCDs THETA, 6)

XA ¢ XA + 0,18 » CTH = 0,07 x STH

YA € YA + 0,18 x STH + 0,07 x CTH

NUMBER (XAs YA, 0,07s~EXPP,THETAs 0)3

XA € XA = 0,24 x CTHS

YA € YA = 0,24 x STH3

SYMEOL (XAs YAs 0.08s ABCDs» THETA+45, =13)3;
END GF AXISS

NAC)

-

LYNEC(Xs Y, Ns» K) 3
Ns K 5
N»K ;
X»Y[O] ;
BEGTN

Is 13, N¥F, NL;
PXs PY;
I3 € 35 NF € NL € (N=1)XK + 1,
PLOT (PX,PYs0)3
IF (PX=X[1))%2 + (PY=Y[11)%2 < (PX=XINL]Y*2 +(PY=Y[NL])*2
THEN NF e FLSE
BEGIM
NL € 13 K € =K
EnD;
FOrR 1 ¢ NF STEP K UNTIL NL DO
REGIN
PLOT (XCIX» YO[TI1s I3)3 13 ¢ 2
EnD
EMD OF LYNES;
SCALFS (XsNpXMIN,DX»K) H
NsXMIN»>UXsK 5

XMINSDX 5
NeK 5
Y Xx(ol i
BEGIN
IsNP 3

NP ¢ NXK ;

FOR I « 1 STEP k UNTIL NP DO

X(I] € (X{I1 =~XMINY/DX 3
FND OF SCALESS

NXNY(CYMAX, YMINSTDY) 3
X3 REAL YMAX,YMIN.TDY
BEGIN

ADY,Klsv 3

K 3

’
FINs CHUZS
RCD = PLOTTERBRCDEE #
V e [F BCDLO] = TNY AND TDY # 0 THEN TDY ELSE 13



ACY € YMAX = YMIN 3
K1 « 03 TDY € 13 IF  ADY = U THEN
FILL ECDI*] WITH “DATA E", "RROR: ', "YMIN=Y", "MAYX
SYMBOL (1, 2, 0.07, BCD, =90, 21); GO TO FIN
END?
IF YMIN # O THiN
BEGIN
K ¢« ENTIER (22,0001 = LNCADY/V) /7 LNC10))3
V € 1 + SIGNC(YMIN) / @43
YMIN ¢ ENTIER (f x YMIN X 10 » K) / 10+ K3
ADY € YMAX = Y4IN

END
WHILE ADY < 10 0D
BEGIN
ADY € 10 x AQY; K ¢ K1 = 1
EnNDS
CHUZ: FOR TDY € 10, 15, 20, 25, 40, 50, 80 DO

IF ADY < 1.001 x TDY THEN GO TD FIN3
ADY € ADY /7 10; Ki € ¥t + 15 GO T0 CHUZ:
FIN: INY ¢ TDY x 10 » Ki
END 0OF DXDY;

PROCFOURE SCALE(X»N,S»YMIN»DY»K) ;
VALUE S»N,K IMNTEGER N»oK ¥ REAL SsYMINSDY 3
REAL ARKAY X{0] ;
BEGIN
REAL YMAX
INTEGER I1sNP
NP € NoXx K3
YMAX ¢ X[1] 3
YMIN € X[1) 5
FUR T € 2 STE¥ K UNTIL NP DD
REGIN
IF YMAX < X[I] TeEN
YMAX ¢ X[l »
IF XII) < YMTW THEN
YMIN € X[11 b
END

.
14
.
’

IF S = 0 THEN ¢ € 13
PLOTTERBCDEELO] ¢ DY « 10 / S3
UXDY (DY x (YMAd» = YMIN) + YMINs, YMINs» DY);
DY ¢« Dy/10.0 3
FOR I € 1 STEP K UNTIL NP DO
X011 € (X[1) = Y+«IN)/DY
END OF SCALES

PROCEDURE DASHLINE(XsYsnN1sk)
VALUE M1sK -3 INTEGER N1,K 3
REAL ARRAY X»Y[01 3

REGIN
INTEGER IsNP,MsN ;
RE AL PENsXNs YNs ADX2 ADY»DXsDY»DLTX0LTY 3
LASEL L1 3
PEN ¢ 2 3
M e 20

e s
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NP ¢ N1 x K
XN € X[1) ¢ YN € Y[11 -3
PLOTCXN,YN»3) 3
FOR I ¢ 2 STEP K UNTIL NP DO
BEGIN
DX € X[I] =~ Xk 3
DY ¢ YOI1 = YN
ADX € ABS(DX) 3 ADY « ABS(NY) 3
IF ADX > ADY THE®
BEGIN
DLTX ¢ SIGN(DX) x 0,01 3
DLTY € 0.01 x DY/ZADX 3
N € ADX x 130.0 3
END
ELSE
BEGIN
DLTY ¢ SIGN(DY) x 0,01 ;
DLTX « 0,01 x DX/ADY
N ¢« ADY x 130.0
END
L1 I[F M < N THEN
BEGIN
PLOTCXN € XN + M x DLTX»YN ¢ YN + M x DL_TY,PEN) 3
N € N = @ 3
IF PEN = 3 THEN

BEGIN
M ¢ 20 ;
PEN € 2 H
END
ELSE
BEGTN
M ¢ {0 H
PEN ¢ 33
END
GO TO L1 3
END
ELSE
BREGIN
PLNTCAN € XN + N X DLTX»YN ¢ YN + N % DLTY,PEN)Y 3
M ¢ M = N H
END 5
END

PLOT(XNsYhs»2) H
END UF DASHLINES

PROCFEDURE NAMELINECXs YsNsKsAs ToDASH) H
VALUE NoK»T 3 INTEGER NpK»T H

REAL ARRAY X»Y[O1

ALPHA ARRAY ALOQ] ?

ROOLEAN DASH 3

BEGIN
INTEGER T1,N1»IsJsN® H
REAL TH,XM{YM)MX;DX!DY;S}YL H
REAL ARRAY X1,Y1[O:N DIV 2 + 2}

Nl € n DIV 2 3
NP € N x K 3}



1 € (N1 =~ 1) X K + 1} 3
IF DASH THEN
DASHLINE(X»YsIsK)

ELSE

LYNE(XsYs»IsX) 3

DX € Xx{I + K = X{I = K1
DY € YII + K1 = Y{I = K]
IfF DX = O THEN

TH « 1,5707963
ELSE

TH ¢ ARCTAN(DY/DX)
IF T 2 0 THEN

e we

e

Tt « T DIV 2
S € SIGN (18é=6 + (DX x Y[1]
+ X[(I=K3 x YEI+K]

S €

XM ¢

YM ¢ =S x CDS(TH)=0.,0857 x Tt

TH € 57,2956125 x TH 3

SYMEOQL(XM» YV U ,105AsTHsT) H
END

ELSE

SYMEOLCXLI)sYLT)r0410sA5TH,T)

J e 0

FOR 1T € 1 STEP K UNTIL NP
BEGIN

J e J + 1 3
X1[Jl € XUIY 5 Y1iLJ]l « YII)]
END 3
IF DASH THEN
DASHLINE(X1sY1,JeR)
ELSE
LYNECX12Y1sJ»K) ;
END OF NAMELINES

= Dy x X{I)

= X{I+K3) x YOLI=KI))s
IF S = 0 THEN QO.14 ELSE 0.05 + S x 0,093

S x SIN(TH) = 0.0857 x T1 x COS(CTH) + X[I1
x SINCTH)Y + YIL[T) 3

e

iy

.o

THERE ARE 595 CARDS IN THE DECK
£ 10, 1968. TOTAL FLAFSED TIME IS 63 SECONDS.
PROCESSDR TIME IS 10 SECONDS. 1/0
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ReAL WW W0 » OW » WM s L » L1 » L2 » W s IP » IT » WMI » WM2 » H1 o
H2 o FH , R1 » R2 » K1X » KZ2X » K1Y » K2Y » C1X » CeX s C1Y » C2Y »
DIA » U2X » DY » D?Y » RIX »° R2X » R1Y » K2Y » G » PI » M, DM1 , DMZ2 >
wPr » RKTT , RP » KT , L11 » L22 , RNt », RD2 s PHT » EPS , RAD »
K1xX » RK2%XX » K1YY » K2YY » C1XX » C2XX » C1YY » C2YY » RIXX » R2XX »
RLIYY » R2YY » DIXX » D2XX » DIYY » D2YY » PN1 » P01 » SI » PN2 » PD2 »
S1T « BB , CC » D » EE » PX1 » PX2 » PY1l » PY2 , PALl » PA2 »
PFX » PFY » E 3
INTEGER P 5 N » T » K1 » J s K 3
REAL ARRAY DMEGA » 5 » S5 » XX1 » XX2 » YY1 » YYZ » SIX1 » SIX2 »RPM,
SIvyl » 8I1Y2 » SIAL » SIA? » ALFA1 » ALFAZ2 s FX1 , FX2 s PFX2 » FY1
FYe s PFY?2 » PURFX1 » PHURFZX2 » PUBFY1 » PUBFY2[0:200) »LZ[Nn%t4]) ’
KL » YL » PXL » PYILO3200,0:24] ,A00:8,0:81 » C » X[02:8] »
PFX1 » FPFYTLO32001 ;
LASEL LU » FIMIS » E1 » F2 o (0U1 H
BUJLEAN  HSw H
REAL AMINSDX,YMIM,pY ;5 INTEGER wWP,T, R> e Fr0Q »RN»GK H
ALPHA ARRAY ALPHAP,Al PHAU,A) PHAS, A PHAG,ALPHA7 ,ALR1]1,ALB13,ALB21,ALH23>»
AL 31, ALR33,aL 841, AlLBG&3,A1L351,41LK53,A1861,A1.863,41.871,ALB73,ALR81,A1.883
L0In1; .

PRUCEDURFE INTFRPOXUsXF sHeYs XsBETALEPSTLON, M, INVWLLLABEL)SVALUE X0,XFsH, X,
BETa,tPSTL MMM INTEAFER MIREAL X5 XFroH, Xs EPSTLAN, INW,; BOOLEAN BETAZARRAY Y
(C)FLABEL, | LABELSBEGTN INTFGUER W,T,JsKiREAL Ul,U,TEMPSLABEI. NFNR,L1,NBAK
sL2sEDPS IF (X< (XU=2XHI)NRX>(XF+2XH))THEN w0 TN LLASELSNEARS((XF=XC)/H)3 I
Fou>N ThEN MeN3;ULle€(XF+XUu)/2.05Kel3IF X<(U1=5xH)Y)THEN GO TO NFOR EILSE TF(X
SUL+3xHYINR 3ETA THEM Gi) TN NBAKIHFOR:JeM=13U€(X=XNYI/H3INWEY[QI3ULle1, 0501
SYLO)eY{11=Y[O}3TF alSCYTOTIIKEPSILON THEN GU T0 E0P;UleUIx(U=K+1,0)/K3 IN
WeINw+ULIXYIOQI3IF K=M THEN GJ 10 ENPIFUOR T«1STEP 1UNTIL J DO YITleY[I+1]~
YillsdedmtlinekK+1 360 TO L13NRAKIUE(X=XF)/HiJeN=M+1 3 INWeY[NTSULel ,03L28YIN
JEYINT=YIN~1T31F ARSCYINTIKEPSTLON THEN GO TN FOPULleUIX(U+K=1.0)/K3 InWe
Ins+YINJXULSTF K=M THEN GO TN EOPIFUR TeN~1STEP-1UNTIL J DO Y[IJeY[IT=Y(
[=1)3Jed+1ikeK+150G0) TG L2:FEUPENDS

PRUCEDURE GETTUM(RYsFPaAsRNsX,YsN,GKIFREAL ARRAY X,YsKXsRY[OQOI3INTEGER N,
Hive (GK 3 REGIN REAL THhRwsX1sns INTFGER TsJdsw 5 REAL ARRAY 0Y([0:tt10]¢
LASEL LueABRELs £XU 5

K € 23 FIR U &« 1 STEP o UNTIL M=% uD BREGIN K € K=1

Fiorkw [ € 0 SIFe 1 UNTTL % DO OYLI) € YLJ+T]¢

W o€ (X[LJ+51-XTJ1)/5;3

FOUR Kt ¢ X[J1 + H/CK STEP W/GK UNTIL X[J+5]) DN KFEGIW



INTERPOXLJIXEU+5], ¥ oUY,XLsFALSF»@=5,5, INW,LLAREL)S
RYLK] « INw 3 RXx[K1 € X153 K € K+15 EMD; EnD;. RN € K=1% GO TO £x0;
LLAsEL ¢ ARITECLPs<"UUTS)DE RANGF™>)Y3 EXDE  END OF GETTUM 3

PRUCEDURE ALTHNE (X»YsNs YMIN,DYsK,QrQ8Q)5 VALUE N3 TNTEGER M,KsQ,207
REAL YMIM,DYS KEAL ARKAY X»Y[O013

dealN  INTEGER IsJsRN H REAL ARKAY Rs>RX,RY[O0:405]}

ALPHA ARRAY RBCDIN:2];

IF 4@ = 1 THEN SCALES(Y>N,YMINsDY»K) ELSE SOCALECYsMs6s YMINSDY,SK) 3

IF uK # 1 THEN BEGIN :

FOR T « 1 STEFP 1 UNTIL N NN RILT) & X[I3 5 GETTHMCRYSRX sRN>RsYsNsGK)5
IF 99 = 1 THEN FOR I €« 1 STEP 1 UNTIL RN DO REGIN IF RY[1] > 6 THEN RYCI
} € 6 ELSF [F RYIT) < O THEN RY[11 ¢ 0 5 END3LYNECRX»RYsRN»K) 3

FOR T € 1 STEP 1 UNTIL 5 DO BEGIN J ¢ ENTIERCIX(PN/3))} IF RY[J] < 5,8
AND RYLJT1 > 42 THEN SYMSOLCRXUJI»RYLJI»«12,8CD»0,Q)5 ENDFEND ELSE BEGIN
IF €@ = 1 THEN FOR I € 1 STEP 1 UNTIL N DO BEGIN IF YCI) > 6 THEN YII
1l € 5 FLSE IF YLIY1 < O THEN  YLLY ¢ O 3 ENDPLYNEC X» Ys N,K)3

“ur T € 1 STEP 1 UNTTL 5 DN BEGIN J ¢ ENTIERCIXC N/5))3 1F YIEJY < 5.8

ANG YL > 2 THEN SYMBULCXTJ)s»Y(JIr12,BCD,0,Q)5 END;
LU
END OF AlLINE 3

PRUCEDURE AGRIDINY»NT,FL1,F2,F3,F4,ALRNL,ALBN3)S

INTEGFER MNY,T H

Redl FLeF2,F3,F4 5

ALFPHA ARRAY AP A3N1,ALRNI(O]?

deaiN  REAL X0T3

AXISCO»0rALNTSNY, =490, YMIWs DY) ARATSCU» Qs ALPHA2,~15,=8,0,XMIN,NX)}
AXIS(R eV, A1 PHAZ,0,=4,90,YMIN,DY)Y? AATIS(B,6s ALPHA?,0,=8,180,XMIN,DX);
PLUI(D,622)F PLONT(0sA.S5,1)F PLOT(Rs0,551)5 PLOT(R,6,1)F PLOT(856,25»3)5
FLUTCD26.25s2)3PL0OT(e590,0553)3

SYAFULC eG54 e085 , 1A ALPHAL 0,10 )3 NUMBER(1.4656.059,185F1,0,0)3

YT € 4=~(NTx.12)/2 3 SYMABULCXNT56e300 185 ALPN3,0,NT )5

[F v = 7 THEM REGIWN

SYHEIDL(4s0,US 18, A1 PHAT o 0.25)7 NUMBER(E.6456.,05, ,14,F4,0,2 3 EMD 3
END UF AGRTL 3

PRUCEDURE GUPLOTTER (vw)s REALL ARRAY  wWwW [073

Broala  LAREL AETUUTs GUAGINsDRAWISURAAZIURAWIHDPRAWY,DRANSSDRAWG,
DRAwT [ITEGFR AsksC

KEADCCR, /o dP)SIF WP = 0 THEN G0N TO GETUUTS PLOTC?2,N,=4)5PLOT(2s1.5¢=5)
; FILL ALPHAR (%] WITH "FREWUEM™,"MCY [R","PM] "; FILL ALPHA4C«] WITH
"CAD‘E N","‘l. - 1" ;

REALD (CRs/sA,GK) 7

SCALE (vuW,T»B8sXniINsD%X,1)% FOR T ¢ 1 STEP 1 UNTIL WP DO BEGIN
REAU (CHs/odsCoNsb»FaYmInN,NY,QQ);

[F 8 = 1 THEN 43 TO NDrRAWL FLSE IF B = 2 THEN GO TO DRAW2 ELSE
IF 8 = 3 THEM QN Ti) PDRAw3 ELSE IF R = 4 THEN GN TO URAWA ELSE
IF 5 = 5 THEN 6U TU NDRAWS ELSE IF 8 = 6 THEN GO TN LDRAW6 ELSE
IF 8 = 7 THEN GO TO DRRAWT 3

arawl e REGTIN
FILL ALR117T+«]1 wITH "BEARIN","G AMPL","ITUDE v}
FILL ALB13T*] WITH "BEARIN".«"G AMPL",."ITUDE %,
"OVS. T, MEREQUET, "ACY "y
IF C = 1 THEWN HEGIWN
ALINECHWs XXx1s T»s YMTNLDY.1,=9 ,00)5 QQ ¢ 1 ¢ END;
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IF D = 1 THEN BEGIN
ALINECHW»YY1s Ts YMIN,DY,1s=11,00)5 QQ ¢« 1 3 END?

[F £ = 1 THEWN BEGIN

ALINECWW» XX2» Is YMINSUYs1,=13,00%5 QQ € 1 3 END:

IF F = 1 THEN ALINE(WW,YY?, 1,YMIN,UY»1,-15,Q90)}
AGRIDC17533,85U50,0,8L811,ALR13)3 PLOT(10,0,=435 PLUT(2,0,=5)5 ENU3S

30 TO GUAGTN 3

DRANZ 3 REGTIN

FILL ALB21T*1 WITH "REARTIN®, "G PHASY",%E ANGL"™,"E "3

FILL AILB23T %] WITH #REARTN®, "G PHAST,"E ANGL","E VS FY,"REQUEN","(CY "

P4

IF ¢ = 1 THEN BEGIN

ALINE(WwsSTX1,15YMINeLYs»1s=9 »0Q)30Q € 13 ENDS

IF v = 1 THEN REGIN

ALAINE(WWeSIYIsIsYMINS DY 1,=115,00)3 0Q ¢ 1 END;
1F E = 1 THEW BEGIN

ALINECAW»STX?2, ToYMINeDY»15,=13,3Q)F 0Q ¢ 1 % FND?

IF F o= 1 THEN ALINE(WW»SIY?2, 1sYMINSDY»1,=15,00)3

AGRID(19,32,A,0,0,0,ALB821,AL823)5 PLOTC1U,0,=4)3 PLOT(2,0,=5)3 END;
GO T0 GUAGIN ;

UxAW3 ¢ REGIN

FILL ALB310*] WITH "™ANGUI A","R AMP[ ","ITUDE ":

FILL ALB330 %] WITH M™ANGULAM,"R AMPLY " ITUUE ","VS, FRP,"EQUENC”»"Y

»

IF ¢ = 1 THEN REGIM

ALINECWHW,ALFAL, Ty YMINSDY,1,=9 0093 Qe ¢ 1 3 ENDS

[F D = 1 THEN ALINE(YwsALFA2s I,YMIN,DYes1,=-11,00Y2
AGRID(C17531,A,0,0,U,AB31,ALB33)3 PLNT(10,0,=4Y3 PLUT(2,0,=5); ENUS
ad T0 GUuAGIw 3 DRaws ¢  BEGIm
FILL ALBU1T %] WITH "ANGe PYs"HASE A","NGLE "3
FILL ALBA3T*T WITH "ANG. P, "HASE AY,"NGLE V","S. FREY","QUENCY";
IF ¢ = 1 THEN BEGINM

ALINECwWW»SIAY » T, YMIN,DYs1,=9 L0003 QQ ¢« 1 3 ENULS

IF D = 1 THEN ALINE(WWsSTA?s 1eYMINSNYs1,=11,Q0);
AGRID(16439,A,0,05,0,A1L841,41L843)3 PLOT(10,N,=8)3 PLUT(2,0,=5); ENL?
GG TO0 RUAGIN H

DRAWS ¢  REGIN
FILL ALBS1[*] WITH wFQRCE m,"TRANS,"
FILL ALBS3Tx71 WITH "FURCE "s"TRANS."," VS, FY,"RFEQUEN™."CY "3
IF ¢ = 1 THEN REGIH

ALINECWASFXT1sIsYMINSGDYr1o=9 »0QQ)5 WA € 1 5 ENDS

[F 1 = 1 THEN BEGIN

ALINE(WN,FYT» o YMINSDY»1,=11,1Q); G € 1 ; ENDS

IF £ = 1 THEN REGIN

ALINECWWs FX25 T YMINS DY r1o=13,00)% @ € 1 3 FEND;
IF F = 1 THEN ALINE(AN»FY2s IoYMIN,UYsle=15,2Q)7
AGR1D(12,20,4,0,0,0,A1.851,AL853)3 PLOT(19,7,=43; PLUT(2,0,=5); END;
GO TO GDAGIw 3

DRAwWG ¢ BEGIN

FILL ALBAL1D%x] WITH "FARCE @,"TRANS.Y," PHASE'," ANGLE"™S
FILL ALBA30l*1 WITH WFJIRCE ","TRANS"," PHASE"™," ANGLE™,"™ VS, F",
G'RLUUEN".’"CY L

IF ¢ = 1 THeN REGIW

ALINEC WWsPUBFX1eTI»YMIN,DYs1s=9 «Qu); NQ € 1 5 ENDS

IF v = 1 THEN BEGIWN

ALINEC WWoPURBFY15IsYMIN,DYs15,~11»0Q); Q¢ € { 3 ENDS



IF £ = 1 TAEN 3EGIN
ALINEC WAWsPURBFX25 [, YT N-DYrle=13,0Q)5 (ST EnD3
If F = 1 TAELN ALINECYASPUBFYZ2s TsYMINsNDYs 1e~15,00)5
AGRLIND(24533585,0,0,5,9,0L8601,ALR863)3 PLOTC(L0»0,=4Y3 PLUT(2,0,=5)3 EMD;
GU 13 GOAGIN 3  NDRANT7 = REGIN REAL DYRE? DYRE € DY 3
FLLL ALPHATL®*] wITH “LENITH"," FROM ", 18T BE",PARING ","= "3
IfF ¢ = 1 THEN BEGIN REAL AKRAY NXsNYLOI100T 8
FILL ALB710+] wlTH "aqPLITY,"UDE L
FLILL ALEB730+) WITH "AMPLITY»"UDE VS",". FREQY,"UENCY v}
Filr £ € 1 STEP 1 UNTIL P D) BEGIN
Fr F € 1 STE® 1 UJTIL I 01 BEGIN NXIFY1 € XLIF+EJs NYILF] ¢ YLLFLEJENDS
ALINE(WWANXs TsYMINeDYslo=9 +,Q333
R € 13
ALINECHWINYs ToYMINSIYslr=11+47)3
AuRID(P523sAsNe0,L2(FE)»ALB7L,AILK73)3 IF DYRE # DY THEN QQ ¢ 0 3
PLOTC1250s=9)5 ENDS 2L3T(1s0,=4)8 60 TO GOAGIN 3 END?
[F v = 1 THEN 3EGTwN REAL ARRAY NPX,NPYLO:10NI3REAL OYRE ;7 DYRE ¢ DY
FILL ALHB81[*] NITH "2HASE ","ANGLF "3
FILL ALA330x] wWITH ®PHASE M,"ANGLE ","yS, FR"."EQUENC","Y "5
FurR B € 1 STEP 1 UNTTL P D7D 8BgAIN
FUrR F € 1 STFP 1 UNTTL { DD BEGIN MPXIFY ¢ PXILF,F1 X RAD;
NPYLF] € PYLIF,E] x RAD 3 Eans
ALINE(WWN s NP Xy T YMINSDY»1o=9 »A0)}5
SEAREE S
ALLNE(WWsNPY» ToYML s (r1r,=11,3QY3
AGrtlNC11+255850.0,L7TET»A1351sA1L3R3)3TF NDYRE # DY THEN QQ € 0 3
PLJUTC125,05,=5)5 ENDS ALOTC1s0,=4)3 END; ENDS
GUAGIN ¢
ENUS
GeTuuTe EnD OF GIPLOTTERS
CNMMENT THTS PRUGRAMA LVALYATES DESIGN NATA FUR A FDUR DEGREE
FREEQONM SYSTEM THAT SIMULATES A ROTNK NN GENERAL ANISOTRQPIC BRGS.
THE EQUATIHONS SIALVED HADQ 3EEN LINEARIZED o NN ASSUMPTIONS WERE
MAOE N THE BEARING CHARACTERISTICS .+ THE CROSS COUHPLING TERMS ARFE
KePT WITH PROPER SiJRSCKRIPTS AS USED IN THE DERIVATIUN OF THE rQNS.
THE PRIGRAM REJIUIRES TAE FOLLUWING TO 3F RFAD AS INPUT DATA:
CAR 1
1. W= TNITTAL SPEED (rRPS)
2. DW= INCREMENT [N SPLED (RPS)
3ewm= FINAL SPFED (RPS)
CArp 2
e L= LENGTH BETAN BRGS (INCH)
2.L1= DIST FROM 15T BRRG T MASS CENTER (INCH)
3.L2= 0IST FRiM 280 BRG TN MASS CENTER (TNCH)
How= AUTNOR WEIGHT (LRBS)
Se IP= POLAR M.T. (LR=IN=SEC?)
6e IT=-TRANSVERSE ™.T, JIF KOTOR ARNUT MASS CENTER (LB-IN=SEC2)
CARU 3
1e WNMI=FIRST UNBALANCE WEIGHT (LLBS)
2¢ WM2= SECONN UNBALANCE WFEIGHT (L33)
3. H1= DIST FROM 18T BRG Tu 1ST UNRBALANCE (INCH)
4, HZ2= DIST FROM 18T RRG TO 2Nu UNRALANCFE (TNCH)
5. PHI= PHASFE ANGLES RETN UNRALANCE PLANFS
6, R1~= RADIUS NF |ST UNBAILLANCE LOCATION
7« R2= RADIUS OF 2nD UNBALANCE 1.0CATION
CARD 4
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1. N= n0, OF PLACES OTHER THAN THE RRG LOCATIONS WRERE
DISPLACEMENTS ARE T0O BE MEASJRED
2.0L21= DIST FROM 1ST BRG TD 1ST PRO3ZE (INCH)
3, LZ2?= DIST FROM 1ST BRG TO 24D PROBE  (INCH)
CARD 5
1, K1X= 1ST BRG STIFFNESS IN
2, K2X= 2ND BRG STIFFNESS IN
3, K1Y= 1ST BRG STIFFNESS 1IN
4, K2Y= 2ND RRG STIFFNESS 1IN
CARD 6
1. C1¥=1ST BRG NAMPING COEFF In X DIRECTINNCLBSEC/IN)
2. C2X= 2ND BRG DAMPING COEFF IN X NIRECTTINN (L3.SEC/IN)
3,01Y=1ST RBRG NAMPING COEFF IN Y DIRECTION (L.B.SEC/IN)
4. C2Y= 2ND BRG DAMPING COEFF 1IN ¥ DIKECTION (Lo.SEC/IN)
CARL 7
1. Di1X= CXOSS CNUPLING DAMPING CDEFF  (LR.SEC/IND
2. D?X= CRUSS COUPLING DAMPING CNEFF  (LB.SEC/LIN)
3, DiY~- CRUSS CAUPLING DAMPING COEFF  (LR.SEC/IN)
4. D2Y= CROSS-CNUPLING DAMPING COEFF  (LBR.SEC/LN)
CaRy 8
1. RIX= CR(OSS COUPLING STIFFNESS (LB/IN)
2. R2X= CRNSS CONUPLING STIFFNESS (LB/IN)
3, R1Y= CROSS COUPLING STIFFNESS (LB/IN)
4, R2Y=~ CRMSS COUPLING STIFFNESS (LB/IWN)
THE NUTPUT NATA ARE AS FDLLOWS 3

DIRECTION (LB/Iw)
DIRECTION (LB/TN)
DIRECTION (L3/IN)
DIRECTIUNCI R/7TN)

< < X X

coL 1 WW=SPEEN (RPS)

CuLe x1 OK Y] =~ DISF AT BRG] IN X OR Y DIRECTION

coLs X2 OR Y2= DISP AT RRG? IN X OR Y DIRECTION

ChLu S1x1 Or SIY1=PHASE ANGLE OF X1 0OR Y1 WRT UNBALANCE

cuLd SIXx? OR SIY?=PHASE ANGLE OF X2 OR Y2 WRT UNBALANCE

CuLe ALFA1 (R ALFA2=-ANGULAR DISPLACEMENTS

coL 7 STA1 OR SIe2= PHASE ANGLE OF ALFAL OR ALFAZ

cCoL 8 FX1 OR FY1=FURCE TRANSKITTED TO BRG 1 IN X OR Y DIRECTTON
cuL 9 FXy OR FY2~ FOKCE TRANSMITTED TO BRG2 IM ¥ UR Y DIRECTION

cuL 10 PuUFX1 OR PUBFY{=- PHASE AANGIE OF Fxt OR FYl
CoL 11 FURFX2 OR FUBFY2= PHASE ANGLE OF Fx2 DR FY2

THE HEADINC PKRINT GUY UF THE InPUT DATA ARE AS FQOLLOWS ¢
Lintl LolLl1sL2sH1

LINE2 H2shpwhisNb?
Lls~t3 KIXsK2XsK1Y,K2Y
LINtEY C1X»2C2XsC1Ys(C2Y
Llne5 R1XsR2xsF1Y,R2Y
LINES DiXsD2XsD1Y»02Y
LINET TP, ITsRh1sRY?
LinEd PH1 ;

FURMAT HEALY (AC2(5C("%x"))»/)>
2L("*"Y, XU0 » X31 23("x"),/,
20Cmemyy, X1 » "RESIGN DATA FOR A SINGLE MASS FOTOR nITH FLEXIBLE SUPPQORT
AND DAMPING™ »x1 » 23 ("#")s/s HA(Z(59("x")), /)Y 3
FURMAT  HEAD2(202(59("*"))s/ ),
X5 » "L=",E11.4 , MINCH"™ , x12 , "l.1=" , E11,4 »"INCA™ , X12 , “L2=" ,
El1.4 » "INGCH™ , X172 » "H1="™ » F13.4 o WINCH" » /
X4 » "HP?=" , E11,4 , "IGCH™ , X13 , "™W=" , E11.4 , "LR"™ , X13 » "WMi=" ,
Elled » M™LB™ » X13 » "uM2=" , Fl1,4 »"LB" » / »
X3 » MKIX=" » E11.4 » "LBR/ZLIN"™ , X10 » "K2X=" , F11.4 sMLR/ZINT , X10 o
YKiY=" » F11.4 » PLR/INT , X10 » "k2Y=" , E11.4 » "LB/IN™ , /




X3 o MCLX=" s E1led 5 YLBOOEC/ZIN™ » X6 » "C2X=" , £11.4 , "LLB.SEC/IN" ,
X6 o M"CULY=" 5 El1.4 5 "LHaSEC/ZIM® X6 » "C2Y=" » Fll.4 ,"LE.SEC/IN" ,/,
X3 sMRIK=" » Etl.4 » "LAA/ZIN" , X109 » "R2A=" , Elt1.4 » "LEB/IN" , X10 »
"RLY=" s El1.4 o "IR/TAY 5, X100 ,"REY=" o Fl11.4 » "LB/IN" 5 /

X3 s "DIX=" » F11.4 » TLBSEC/INY » X6 » M™D2¥=" , E11484 , "LBSEC/IN" »
Ko » MOLY=" o plle8 » "LRJSEC/IN™ » X6 s MU2Y=" 5, Elield4 5 "LBSEC/IN"»/
2AG,"IP=" o F1L.0 » MLB3*(N=SEL2™ » X6 o "IT=" » Elled » "LR=IN=SEC2" ,
X5 5 RIS o F1le.8 » PINCHY™ » X1P » "R2=Y , F11,8¢"INCH"™ »/ »

A3, TPHI=" ,» El1l1.4 » "DEGREES™ » / o
2C2(59("*"))»/)) ;

FURMAT TUTL (X6 » "SPEEJ™ » X6 » "X1™ , X9 5 "X2" , X9 , "SIXI1"™ , X3 »
nslxzn , Xj » .

CTALFALT , X7 s STIALT 5 X4 s "FX1M™ s XY s "FXP'™ , X6 S"PUBFX1™ » X2 »
TPURBFXZY » // ) ;

FURSMAT JUT20 X6 » I6 » X1 » E11.4 » X1 » E11.8 » X1 » F6,1

X1 » Fd41 ¢ X1 s EJ1.4 5 X1 » F6,1 » X1 5 E11.84 » X1 » E11.4 » X1 »
Fos.1 » X1 » FA,1 ) ;

SURAAT pUT3I (X o T"SPELOM » X6 » "YL" , X9 . MY2" , X9 »"SIYLY » X3 >
HLY2" 5, X3 "ALEA2™ o X7 s MSTAZ™ » X4 5 T"FYIM 5 X9 s "FY2Y" » X6 s
"PUBFY1"»X2 » "PUBFYZ2",// )
FUuaaT gTa( X3 s L™ » X29 »
"PY-L" » )(Q s M"SPEENY ,// ) H
FUR™MAT AYTS ( XA » FHLL » %13
Flr.?2 » X6 » FI,2 ) H

REAL  PROCEOURE  ANGLFE(PN,PUY 3}

VALUJE PN » PD 3 RE AL PNs PD 5

BEGiN

REAL 3 » P] 3

LAS:L L1 » L2 » 13 » L4 H

PI « 3.,141539 3

iF PnN> O AND PD=0 THeN Gaf) Ty L1 H

IF NSO AND PN=0 THEN G TQ L2 ;

¥ PN=O AND PN=0 THe N G 19 .3 3

H € ARCIAMCABS(PN/PD)Y)Y 3

IF PN<Q anD PD>0 THE V¢ H € 2x 2] = 3 ;

IF oN >0 AND PD<D THEN Be Pl = 3 H

IF 2y< AND PH<0 THEN Be 0148 H

GG ra La ;

Ll Rep /7?2 :

GUu TL L4 3

Le: Re (3xP[) /2 ;

(1] 10 La H

L3 Red 3

L4 ANGLE«B H

END aF PROCEDURE ;

PRUCEDURE FORCECC » KrUsRsC1sS1,C2,S52,0d,FsPFXsPFY) ;

VALUE C » K s D » R 5 C1 S1 » C2 » S2 » 4w 3

REAL C » € » D » R » Cl1 » S1 » C2 » S2 » WW » F , PFX » PFY ’
COmMENT THIS PROCENDURE CALCIHLATES THE FORCE NR MOMENT
PRUDUCED dY THE REACTINNS wWHFRE

C= UAMPLING CNEFF = CRASS CAUPLING DAMPING

K= STIFFNESS COefFfF R= CROSS COUPLING STIFFNESS

THt FORCE CALCULATED Is IN THE DIRECTIUN uF X1 WHERE

X1= C1 COSCAWT)Y + S1 SINCWWT) swHERE HW=ROTOR SPFED IN RAND/SEC
DIRECTIUN NORMAL T9 X1 Is X2 WHERE

X2= C2 CNS (WWT)Y + S2 SIN(AWT)

XL o, X1B s "YLT , X16 » "PXL"™ » X18 »

s F11.8 » X9 » E11.8 » X100 » F7Te2 » X184 »
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F=F COS(WWT=PH)Y=A COS(dwrT) + B SINCWWT) ;

BEGLN '

Re A A, B H )

A € C X Wl x 8S1 + kK 'x C1 + D x w§ x §2 + Rx C?2 3

B e~WW X C X C1 4+ K %X S]1 = wW x p x €2 + R x S22 3
F € SRRY ¢ Ax A + 3x B ) 3

PFX € ANGLE ¢ B » A) 3 PFY € ANGLFE (=A » B )
END 0F PROCEDURE FORCE H

PRUCEDURE ARKITRARYNISPLACEMEMT (LZ » L » X » XL » YL » PXL_ » PYL ) ?
VALUE LZ » L 3

REAL LZ » L » XL s YL s PXL » PYL H

KEAL ARRAY X{C1] H

BEulN

CUMMENT THIS PROCENDURE CALCULATFS THE X AND Y DISPLACEMENTS AT
ANY  POINT MEASURED FrOoMm THE FIAST BRG « XL 1S SHAFT ARSHOLUTE

K DISPLACEMENT 4aND PxL IS THE FHASE ANGLE H

REAL Ax » HBX » BAY » BY , 7 H

L ¢« LZ/L H

..

AX ¢ 7x X[3) + (1 = 7 ) x ¥X[1] H

Bx ¢« 7Zx X[4]) + (1 = 7 ) x X[2)

AY € 7 x X[71 + (1 =~ Z )y x X[51 3
BY € 7 x xtB1 + (1 =~ 2 ) x Xf{6} ;
XL € SGRT ( AXx AX + dxix RX ) 3

YL € SQKT ¢ AY x AY + RY x 8y ) 3

PXL € ANGLE (BX » AX )

PYL € ANGLE ( = AY » BY ) H

EnG  0F  PRUCEDURE ARBITRARYDISPLACEMENT 5

PRUUCEDURE SULVE(N»A»CHROWHLESKIS»EPS»s Xy E1,E2Y5VALUE NsRSWL,ELKIL,EPSS INTEGER
Nr®15REAL ESEPSSRODLEAN RSWHIREAL ARKRAY AL0s0)sCHoXLOJILAREFL E1sF23REGIN
INTEGER JT5UrKrJ1sK251 3REAL BIGSsTEMPLDIAG,NIORMAQSDWN INTEGER ARRAY FLO:N])

JREAL ARRAY DrOsNIsNWnN REAL ARRAY BLOSMs0INIFLABEL 51+S2s53,54285556sREP

287556848595 1T15,510,511»512+513,8514,515,EXIT3S1¢TF RSW THEN GO TO REPIFQOR
I€l1STEP 1UNTIL N DO FOR JelSTEP 1UNTIL N 00O BITI,J1¢all,J1352:F0K 1¢1STEP
1UNTIL N DO REGIM (€I=13F0R Jel STEP 1UNTIL N 00 RBEGIN GediFUR Kel1STEP

TUNTIL L DO QeBILJU,KIXBIK,II+NBLJ,TJeBLJ,11=Q ENDSRIGEQIK2€I353:F0R Kel

STEP IUNTIL N OU REGIN IF AGS(8IK.T13>BIG THEW BEGIw BIGeABS(BIw,1]1)5KP¢€
K EnD EnD3S4tIF BIGLEPS THEN GO TN E13FLILJeK23TF K2£1 THENM $95:FOR KeiSTE

P 1UNTIL N DN RBEGIN TEMPEA[K2, KIS A[K?2,K1€AT[sKI13ALT»KJ€TEMPSTEMP€BIK?2,K)
SBIK2,KI1€PR[ I ,KIIRII»KI€TEMPSENDSDTAGERITHLIT3SAIFNR JeI+1S5TEP 1UNTIL N DD
BEGIN Ge€O3FOR Ke€lSTEP 1UNTIIL L DN WeBIT,KIXBIKsJI+wsBLI«Jle(BII,J1=0)/D
TAG END ENDFREP:FNR 1e€1STEP TUNTIL W PO RrGIN TEMP€CILFITIJIISCIFIT1)eq 1}
DEIJeCl1T1€eTEMP ENDSFOR L1e1STEP 1UNTIL N DD BEGIN Lel=13Ne03S878FNR KelSTE

P 1UNTIL L w0 Q€eBRII+KIXOLKI+QIDIIN€(NITI~w)/RITISTIENDISEEFOR T€N STEP=1tU
NTIL 1DU BEGIN Q€03FOR Kel+1STEP TUNTIL N DO QeRTT,hnIXXIKI+GsxTT1€DNIT1=0
ENDSSOIIF E=0TwEN OGN TU EX1T5J1€031T1EIF J12K1 THEN GO TN EZ23NORMeG;FNK
JT€i1STEP 1UNTIL N D7) BEGTN QeQ3Le€T=13S810F0R KeISTEP 1UNTIL N DO QeA[ Tk
IXX[KI+63DITT€CIII=Q7S11:NORMeALSINITII+NURMIQeOFSTZSFNR Ke€1STEP 1UNTIL
L Dy QeBlI KIXDIKI+GIDLIT€C(ULTI=QY/BTY,TIENDIFOR Tenw STEP=1UNTIL 1D0 BEG
IN we03S13:FDR kelI+ISTEP TUNTIL N DU CeRII,KIXDIKI+wsix[I1eXrIi+6rI1=-0 EN
D;9141J1€J1+1351531F NXE<SMNORM TrHEN GO TO IT13EXIT!ENDS

REALD (CK s /7 » %0 » DW » WM ) 3

LLD: REAL (CR » / » L » LY » L2 o W% » IP » IT ) [FINIS] H

REAL (CKR » /7 » wM1 » WMZ 4, H1 » H2 » PH » R1 » R2 )

REALU (CR » /7 » P » FOR Jel STEP 1 UNTIL P DO [LzeJil ;

REAL (CKR » / » KIX » K2K » K1Y » K2Y ) 3

ReAU CCF o 7 5 CIX » C2X s CL1Y » C2Y 3 3



fEAay (CR » / » DIX » D2X , DI1Y »
READU (CKR » / » F1X » R2X » H1Y

G o€ 32,2 x 12 ;

PI ¢ 3.1415%265 3

Me W/G 5 LM1 ¢ WMl / G H
RPP & 1P / M 3 RTTe IT / o
KP ¢ RPP/ (Lx L ) 5 RI
L1l « LY 7 L 3
RUO1 € H1 = L1 3 RO2 & H2 =
PHI € (PH x P1 ) / 180 3

N € 8 3 FKSW ¢ FALSFE 3 EPS
RALD € 57.29578 3

L22 « L2 / L

K1Xx € h1X / M H
K1YY ¢« K1Y /M 3

C1Xx € ¢1x /7 M 3
ClYY ¢ (1Y / M H
R1Xx ¢« RK1X / M 3}
R1YY € K1Y / M 3}

Dixa € D1X / M 3
U1YYy € 1Y /7 ™ ;

Pl € D2 x RZ2 x SIM (PRI D

SI ¢ AMGLE (PM) » PD1 ) 3

PNe € R(G2 » R2 x D2 x SIN
PUZ ¢ F(.1 X R1 X Dm1 + KOP x
SIT € ApGLE (PN2 , ED2 ) 3
ARLITE (LPT3D) ;

WRIIE (LP , HEADL1)

Wik [TE C(LPIPAGEL)Y 3

WhIIE (LP , FE2L2 , L » L1 »
K1Y » £2Y » C1X » C?2Xx » C1Y
1Y »C%y » 1P » IT » K1 , R¥?
[e€ o 3

FUR v'eoewpn
BEuiiv

[ € + 1 ;
UMEGALTY & ¢w ;

HENTT1eNMEGATTIXED S

STEP  ODW  UNTTL

SL (] € 2 %x PI x [IVFGA FT ]
S LT )y € s 0 )y 1 xS L 11
bEGLIN

REAL XX XX ;

AL1,13 ¢ K1XAX = {22 x SS (1]

A[1,2] ¢ C1XX x S(11 3
All1e31 € K2XX = 111 x SH[T1]
Alls43 € CP2xX x SLI1 ;
A[1s9) ¢ R1YY 3

AlLl,6] € (1YY x S[(11 3
All»7] ¢ RKR2YY ;

al1,31 € 02YY x § (1)
Alzs1] ¢ = CIXX X STT1] H
Al2,2]) ¢ KI1XX = L2% x SS[11
Alzs3) € = C2xX x SIT1]
ALlg,4]1 ¢ KP2XxX = L11 x SS[I)
Alzs51 € = D1YY x S{I1
AlZ2s61 ¢ RIYY ;

i |

NN
- =

DMz € »n
3

€« RTT s (L

®
»

L1 H
€ 4,0 @

K2XX
K2YY
C2%xX
C2YY
R2%xX
R2YY
D2xx
D?YY

.
’

I I N I I I

Pul € DML %x RL + NW? x k2 ¥ CGS (PHL )

(PHI >

RZ2 X D

L2 » Hl
s (2Y »
» FH )

Wh o DU

.

..

..

’

(RN
‘-e

M2/G

X L)

=10 ;K1 € 2
KX /M H
KZ2Y /M H
C2X / 4 3
c2Y /M

R2X / M 3
R2Y / M H
ngx 7/ M H
neYy /7 o H

..

? x COS (PHI

, H2
R1x

’

»

»

W
R2X

»

»

n
Ed

)

WM 1
R1Y

’

»

E€1.08=6
AMZ s K1X
R2Y » DiX

»

KZX
BeX

»

»
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AL2,T7)

€ = D2YY »x S[11] H
A[2s,8] ¢ R2YY H
AL3,1] € RIXX H
AL3»2) € D1XX x S{I11
A[3s3] €« R2XX 3

Al3,4 1 € D2XX x SITY

AL3,9) € K1YY = 22 x SS[11 ;
"A[3s6]) € C1YY x S[I1

AL3s7] € KeYY - L1 x SS{11 3}

AL3,8] € C2YY x S[11 5

AL85,1] € = DIXX x S[I3 >

Al4,2) € RUXX 5

A(453] ¢ = D2xx x S[I] ¢

AL4,4) € RZXX 3 '

Al4s5) € = (1YY x SLT11 H

A[4s6) € KIYY = L22 xSSUT1) 3

Al4,7] € = C2YY x S[I) 3

A[4,81 € KPYY = L11 x SSC1IY 3

A[>s13 ¢ RT x SS[TI] = Kix¥x x L11 3

ALS,27 € = CI1XX x L11 x S[{I]

AL5s3] € = KT x SSLIJ + K2Xx x |27 H

ALS,4] € CpXX x tp2 x SI[I1Y 3

A{D,5] € =R1YY x L11 ;

A[5,6] € = RP x SSLIT1 = L11 x S[CIY xD1yy H

ALS»T7) € R2YY x L2?2

A[5,8] ¢ RP x SS{I3 + D2YY x LZz x 3[1) H

AL6,1] € C1xX x LI1 x S[I} 3

A[6,2) € RT x SS{11 = wkixx x {11 3

A{6,3] « = CP2XX x L22 x S{1i 7

AL6,8] € = KT x SS[T) + K2XXx x L27 3

AL6E,5] ¢ RKP x SS{I3 4+ DIYY x {11 x S[11

AlErb] € =RLIYY x L 11 H

A[6s71 € = KP x SS[{I1 = D2YY x L22 x S[(11 3}

A{b,8) € RP2YY x L2e 3

AL7s1]) € = RIXX x LI1

Al7,2] € RP x Ss[I3 = Dixx x L1113 x S[11 ;

A[753] € BR2XX x L2°? H

AL7,41 € = RP x S§8[13 + De2xx x L22 x S[1) ;

A[T»S3 ¢ RT > SS{T] = KI1YY x {11 3

A[7,6) € = C1YY x 11 x S[I] 3

A(7,71 € =RT x SS[JT1 + K2YY x [22

AL7,8] € COYY x 22 x SLIY1

A[LBs,1] € = KP x SSILT] + DIXX x (11 xS(I] H

A[Bs2) ¢ =RIXX x L11 3

ALB,37 ¢« KP x SS[T) = DexX x L2z x S[I] 1

ALE,04] ¢ RoxX x 22 3

BLb,5] € C1YY x L1131 x S(1} 3

Afles6] € RT x SS[I1] = KI1YY x L13 3

ALbs»7] ¢ = C2YY x L22 x S[I] H

ALB,8) € = KT x SS[T] + K2YY x L2? >

Cl14 ¢ (DM1 x SS[T] x R1 ) / M + € UM2 x SS[I] x R2 x COS(PHID)/ M

ClL2) € = ( DM?2 x SS1TI) x R2 x SIN (PHI)) / M H

Clo] e ¢ LUM2 x S&IT] » R2 x SIN (PHI)) / ™ H

CL4)] € (DM1 x SSII) x R1 ) /7 M + ( UM2 x SS[T] x R2 x COS(PHID)/ M

CLSj € (Dv1 x KOL x SS[L] x Rl 4+ DPMZ x RO2 x SSILIIxR2 x COS(PHIY) /
(Mx L ) ;



Cle) ¢~ (M2 x SSII1 x R332 x K? x SIN C PRI D)) / (Mx L) 3

CC71 € (Dm2 x SSIIT x kG2 x R2 x SIN ( PHI )Y / (wx L) ;

CIo] « (DM1 x ROG1 x SSC011 x K1 + DM2 x RO2 x SS[IIxK2 x CDS(PHIY) 7/
(Mx L ) 3

ExD ;

SULVE (M » A » C » RSH » E 5 K1 » EPS » X s E1 » £2 )
bb € X[1] x X[1) + X[21x X[Z}1
XX1LI1 € SQRT (RB)Y 3

CC € X131 x X[3) + X[4) x ¥[4] H

XX2UI] € SORT ¢ €C ) H

DD « XI[5) x %[&] + x[61 x XL[61 H

YYI{I) ¢ SarT ¢ BOD ) 3

“EE € X[71 x X[71 + XIg6] x X(81 7

YYZ2{I1 € SQRT ¢ EE ) H

COMMENT THE FOLLOWIMG CALCULATES IHE PHASE ANGLES BETWEEN
DISPLACEMENT AnD UNBEALANCE 3

we

..

Px1 € ANGLE (X[{?) » X[13 ) H Fx2 ¢ ANGLF (X{41 », X(31 ) H
PYi € AwnGLF (= x[5]) » x[&] ) H PY2 € ANGLF (=x[71 » XI81 ) H
SIA101] « (5T + PX1) x KaD 3 SIx2 [I1 € (ST + PX2) x RAD 3
SIY1LI] € (ST + PY1) x HAD 51Y2 (11 € (STI + PY2) x RAD »

CUMIENT THE FOLLOWING CALCULATES THE PHASE ANGLES OF ALFA1L
ALEA? AMD UNRALANCE MOMENT H

PAal € AnGLE ( X[4) = x[e¢l » X[31 = x[1] ) H

SIAILIY €(SIT + PAL1YX RADS

Pae € ApGLE (XI5 = X[7) , Xx[8) = X[6) ) 3

SIAZLIT €(S)1T + PAZYX rAD 3

ALFAR1CTY € SQRT CC ¥[31 = XL11)+ 2 + ( X[d4]1 = X[2] ) =

ALFA20I: € SORT CC YI71 = X[5) ) » 2 + ( x0(81 = X[A] )
1F P=0 THEN (0] TN Lna1 ;

FUR Jel STEP 1 UNTIL P ou

BEGIN

ARGITRARYDTOSPLACEMENT ( 1LZIJY » L » X » XLDI,J) » YLLI»UY » PXLCTSJY »
PYLLD»J1] J ;

En

Loy e FORPCECCLXY o K1X »D1Y » R1Y » x[{11 » Xr21 » xi8%, X[6] » SILIY »
FX1LIT » PEXLLT] » PEY ;

FURCE (C2X » KZX » B2Y » R2Y » ¥{3} », x(81 » %x{71 » X{BY , S{IY
FX2011 » PFx2L11 s PFY ) 3

FURCE € C1Vv » K1Y , DI1X , RIX » x[S) » x[6] » X{1) » XI21,SC1) »
FyitIl » PFX » PFYITIY ) H

FURCE ( C2?Y » K2Y s D2Xx , RZX » XI73 , x(8) , xX[3) » xt{41 , SI[T]
Fr2011 » PEX » PFY2011 ) 3

CUMMENT THE FOLLOWING CAILCULATES THE RELATIVE PHASE ANGLES

HETAEEM FXY1 » FYX2 » FY1L , FY2 WR THE ULNRALANCE FORCE 3
PUFX1C0i] «(ST + PFXI1[1J)yx wAD

PUBEX2011 «(ST + PFxX2([1)yx nAD

PUBFY1T1]l €« (S[ + PFY1[11)x RAN 3

PUBFY2L1) «(SI+ PFY2 [1))x wADS

ENVD 3

WRITE (LP » OUTY1 ) ;

FOR Jet STEP 1 UNTJIL I nn

2 /L3
* ) | H

)
2

BEGIN

WRITE C LP » QUT? « DOMEGAC[JI » XX1{JT » XX2[J1 » SIxXx1([J] »
S1k<0J1 » ALEALTUT  , SIALICJ] » FX1TJ) » FX2CJ] »

Pudr X10J1] » PUBFXx21J]) )y 3

END



WRITE (LPLPAGE]) ) H
WRITE (LP » OUT3 ) 3
FOR J €1 STFP 1 YUNTIL T 0O

BeGIN

WRITE (LP » DUT2 » OMEGALJY » YYILJi » YY2L[JI » STIYILJ]
SIYz2{J0y » ALFAR[JY »SThzZ(J} sFYLLJY » FYZEJ] »
PUdFY1T[J] » PUBFY2[.J] ) 3

END 3

WHI{TE C(LP [PAGE] )

IF P=0 THEW ™ 60 T LNOD  ELSE
BEuULN

WRITE (LP » OQUTa > 3

FUR Jet  STEP 1 UNTIL P D)
FUK Ket SITEP 1 UNTIL T DD

BEGIN

WRITE (LF » DUTS » LZ0J) » XLIKsJY » YLLK, J] » PXL[K,J] x RAD
PYLIK»J] x KAD » OMEGALAY > 3

END

Eny 5

GOPLOTTER(RPM);
sU TO DO 3
E2: WRITE (LP » < “ACCHUKACY nNOT ANORTAINED *™ > )
GO TG LOO
£1% WRITE (LP » < "™ SINGULARITY 0nR ILL CONDITIONED MATRIX ™ > ) 3}
Gu TO Lh 3
FINIS: END.
ARCTAN IS SEGMENT NUMBER 006S5»PRT ADORFSS IS 0114
CUS 1S SEGMENT NUMBER 00A6,PRT ADDRESS IS 0074
ExXP IS SEGMENT NUMBER 0047»PRT AODRESS TS 0071
L IS SEGMENT NUMBER 0N068»PRT ADNRESS TS 0070
SIN IS SEGMENT NUMBER 0069,PRT ADDRESS IS 0075
SORT IS SEGMENT NUMBER 0079,PHRT ADDRESS IS 0445
NUTRPULI (W) IS SEGMENT NUMRBER DU71»PRT ADDKESS [S 0363
BLUCK CONTROL IS SEGMENT nUMRER 0Q072,PRT ANDRESS IS 9005
INPUT(W)Y 1S SEGMENT NuUMpgw 007 3,PRT AUNRESS IS 0370
X Ty JHE T IS SEGMENT NUMBER 0074,PRT ADDRESS IS 0072
GU TU SOLVER IS SEGUYFENT NUMBER 007%»PRT ADCRESS IS 2uk4
ALGOL WRITE IS SEGVENT nUMIER 0076sPRT ADLRESS IS Dutl4

ALGOL READ IS SEGMENT NUMBER 0077,FRT ADDRESS IS 0015
ALGDL SELECT IS SEGMENT wNHM3ER O078,PRT ADDRESS IS 0Nule

COMPILATION TIMe = 137 SECONDS.

NUMBER UF EKRORS DETECTED = D00. LAST ERRAR ON CARD #

NUMBER UF SEQUENCE LRRORS CUUNTED = J,

NUMBER UF SLOW wWARNINGS = n,

PRT SIZe= 3303 TUTAL SEGMENT SIZt= 3463 WNRDS,

DISk STURAGE KEGe= 173 SEGS.; NUe SFGSe= 79,

ESTIMATEUL CURE STORAGE REQUIREMENT = 6394 wnNROS.
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TABLE B-I. - INPUT CHARACTERISTICS AND ROTOR HORIZONTAL RESPONSE FOR A SINGLE MASS ROTOR

WITH FLEXIBLE SUPPORT AND DAMPING

= 3,00008+01INCH L1= 1.50008+01INCH L2= 1.50008+01INCH Hi= 0+0000@+00INCH
H2= 0,00008+00INCH W= 1.10008+020L8 wMi= 2,00008-01LB WM2= 2,00000=01L8
K1X= 2,00008+04LB/IN K2X= 1.50008+04LB/IN K1Y= 1.600008+04LB/IN K2Y= 1,2000@+04LB/IN
C1Xx= 7,00000+00LB.SEC/IN C2X= 7,00008+00LB.SEC/IN C1Y= 7,0000@+00LB.SEC/IN c2Y= 7,00008+00LB.SEC/IN
R1x= 0,00008+00LB/IN R2X= 0.00008+00LB/IN R1Y= 0.,00008+00LB/IN . R2Y= 0.00000+00LB/IN
Dix= 0,00008+00LBSEC/IN D2X= 0,00000+00LB,SEC/IN D1Y= 0.00008+400LB.SEC/IN D2Y= 0.,00008+00LB.SEC/IN
IP= 5,7000@=01LB~IN=SEC2 I7= 2,16000+01 B=IN=SEC2 Rl1= 2.,00008+00INCH R2= 2,00000+00INCH

PHI= 0.00008+00DEGREES

SPEED X1 X2 SIX1  SIx2  ALFA1 SIAY FX1 FX2 PUBFX1 PUBFX2
40 §,90436=03 3,25728=03 8.5 19,5 2,24516=04 183,2 1,98850402 4,9193+01 3,5 12,8
41 1,0746@8=02 3,83708=03 9.2 20,8 2,34498=04 182,9 2,15798+02 5,78948+01 4.0 13,9
42 1.16778-02 4,51798=03 9.9 22,2 2,44220=04 182.4 2,34540+402 6,82800401 4,6 15,2
43 1,27158-02 5,34108=03 10.8 23,8 2,53578=04 181.,7 2.55438+02 B8,07500+01 5.6 16,7
44 1,38788-02 6,33580=03 11,9 25,7 2,62438+04 150,8 2,78856+02 9,5824€+01 6.3 18,3
45 1,51926=02 7,54720-03 13.1 27,8 2,70708=04 179.5 3,05338+02 1,14190+02 7.5 20,3
46 1,66888=02 9,03508=03 14,7 30,3 2,78368=04 177.7 3,35478+02 1,36768+02 8,9 22,6
47 {,B4048=02 1,08B28=02 16.6 33,3 2,85708=04 175,2 3,70048402 1,64778+02 10,7 25,4
48 2,03839=02 1,31938=02 19,0 36,8 2,93768=04 171,6 4,09928402 1,99846402 12,9 28,8
49 2,26728=02 1,61038=02 22,0 41,3 3,05458=04 166,6 4,56078+402 2,44020+402 15,9 33,1
50 2,53066=02 1,97650=02 26,0 46,8 3,26838-04 160,2 5,09188+02 2,99658402 19,7 38,5
51 2,8266@=02 2,43238-02 31,2 53,9 3,67778-04 153,1 5,68878+02 3,6B910+402 24,8 45,4
52 3,13886-02 2,98198=02 38,0 62,8 4,40050-04 147,1 6.31848+02 4,52456402 31,5 54,1
53 3,42138=02 3.59718=02 46,8 73,9 5.51138~04 144.4 6.88880+02 5,46050402 40.1 6540
54 3,59108-02 4,19008=02 S7,3 87,1 6.,94478=04 166,0 7,23248402 6,36330402 50,5 78,1
55 3,56056-=02 4,6233@=02 68,6 101,6 B,44798=04 151,84 7.17298+02 7,02468+02 61,7 92,4
56 3,31576=02 4,80328=02 79,1 115,7 9,71488=-04 158,5 6,681568+402 7,30138402 72,1 106.4
57 2,93878-02 4,75738=02 87,4 128,3 1,061208=03 165,5 5,92348+02 7,2349¢+02 80,2 118,8

58 2,53486=02 4,58578=02 92.6 138,6 1,12068=03 171.4 5,11068+02 6,97748+402 85.3 128.9
59 2,17038-02 4,37638~02 94,8 146,8 1,16268=03 176,22 4,37700402 6,66200+02 87,4 137,0
60 1,87138=02 4,17718=02 9843 153,84 1.,19738=03 179.9 3,77508+02 6,36198+02 86.8 143.4
61 1,64238~02 4,00708=02 91.5 158,6 1,230608=03 182,8 3,31418+402 6,1059€+02 63,9 148,5
62 1,479968=02 3,87058-02 8648 162,9 1,26576=03 185.2 2,98728+402 5,90098+02 79.1 152.6
63 1,37828=02 3,76598=02 80.8 166,5 1,30408=03 187,1 2,78278+402 5,74458+02 72.9 156,1
64 1,33018-02 13,69008=02 74,2 169,6 1,34638=03 188,7 2.,686408402 5,631684+02 66,2 159,0
65 1,32788=02 3,63928~02 67.6 172,3 1,39308-03 190,2 2,68268+02 5,55708+02 59.4 161.5
66 1,36318-02 3,610308=-02 61,5 174,7 1,44418-03 191,5 2,75488402 5,51598+02 93,2 163,7
67 1,42858=02 3,6008R=02 56.2 176,8 1,50008=03 192,7 2,88798+02 5,5044@+02 47,8 165,7
68 1,51778<02 3,60R68«02 51.7 178,8 1,56088-03 193,8 3,06918+02 5,51948+02 43,2 167.5
69 1,62608-02 3,63238=02 48,1 180,6 1,62678-03 194,8 3,28920+02 5,5588€402 39,5 169.2
70 1,75020-02 3,67078<02 45,2 182,3 1,698U8=03 195.8 3,54178402 5,62088+02 36,5 170,7
71 1,88546=02 3,7230€-02 43,0 184,0 1.77508~03 19649 3.82268+02 5.70438+02 34,1 172.2
72 2,03958-02 3,78908«02 41,2 185,6 1,85828-03 197.9 4,12988+02 5,808808402 32,2 173.6
73 2.20318=02 3,8684@=02 3949 18741 1.94798=03 198.9 4.46268+402 5,93408+402 30.8 175.0
74 2,379568-02 3,9613€=02 38,9y 188,6 2,04488=-03 199,9 4,82168+02 6,080284+02 29.7 176,4
7S 2.56948=02 4,06828-02 3843 190,2 2.14976=03 201.0 5.20828+02 6.,24818+02 28.9 177.8
76 2,77398=02 4,18966=02 37.9 191,7 2,26338=03 202.1 5,62478+02 6,43868402 28,4 179,1
77 2,99458=02 4,32658=02 37.8 193,3 2,38668=03 203.2 6,07438+02 6,65328+02 28,2 180,5
78 3,23320=02 4,48008=02 37,9 194,9 2,52098=03 204,5 6,56098+402 6,893684+402 28,1 182,0
79 3,49238<02 4,65158~02 38,2 196,5 2,66748-03 205,8 7,08928+402 7,16190+02 28,3 183,5



€01

80
81
82
83
84
85
86
87
84
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110

111

112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138

3,774268=02
4,08160=02
4,4178P=02
4,78430=02
5,16298=02
5,61380=02
6,07598=02
6.56588=02
7.07838=02
7.60618=02
8,13948=02
8,66648=02
9,17328-02
9,64458=02
1,00656=01
1,04198=01
1,06968=01
1,08890=01
1,09958=01
1.10198=01
1,09696=01
1,08568=01
1,06918=01
1.,04898=01
1,02608=01
1,00148-01
9.75988=02
9,50278-02
9,24768=02
8,99818-02
Ba75648=02
8,52368=02
8.30148=02
8,08958=02
7.88828=02
7.69728=02
7.51658=02
7.34548=02
7.18368=02
7.03068=02
6,88598=02
6,74908=02
6,61948=02
6,49678=02
6,38030-02
6.27008=02
6.16538=02
6.06598=02
5,97138=02
5,88148=02
5,79588=02
5,71428=02
5.,63638=02
5,56218=02
5,49118=02
5,42338=02
5.35858~02
5.29648=02
5.23698=02

4,84238=02
5,05420=02
5,26R38=02
5,54588=02
5.82678=02
6,13038=02
6,4564@=02
6,79540=02
7,14B08=02
7,50548=02
7,85888=02
8,198308=07
9,51248=02
,78R96=02
,01608=02
2 18366=02
1,28418=02
7,31058=02
9,27588=02
9,17376=02
9,01708=02
8,81628=02
8,582688~02
8,32726=02
8,05898=02
7,78550=02
7.,51308=02
7,24588=02
6,98708=02
6,738768=02
6,50000=02
6,27758=02
6,06538=02
5,86528=02
5,67698=02
5,49988=02
5,33348=02
5,17708=02
5l03016-02
4,89198=02
4,76198«02
4,63968=02
4,52438=02
4,81560=02
4,31300-02
4,21608=02
4,12648=02
4,03778=02
3,95558=02
3,877608=02
3,80368=02
1,733368=02
1,666568=02
1,60298=02
3,54238=02
3,48458=02
3,42938-02
3,37678=02
3,.32630=02

38.7
39,4
4045
41,7
43,3
45,3
47,5
50,2
53.2
56,6
60,3
64.3
68.7
73.3
78.1
83.1
88,1
9342
98,41
102.9
107.5
111,9
116,0
119,8
123,4
126,6
129.,6
132,3
134,9
137,2
13943
141,2
143.0
144,6
14642
147 .6
148,9
150.1
151,2
152,2
153.2
154,1
154,9
155.7
156 ,4
15741
157,8
158,4
159,0
159,6
160,1
160.6
161,0
161.5
161,9
162,3
16247
163,.1
16344

198.3
200,1
202,2
04,3
206.7
209,48
212,3
215,5
219,0
222.8
220,9
231,3
236,0
240,9
246,0
25143
256,6
261,8
267 ,0
272.1
276,9
281,5
285,8
289,8
293,5
296,9
300,1
303,0
305,7
308,1
31044
312,5
314,4
316,2
317.8
319,3
320,8
322,1
323,3
324,5
325,5
326,5
327.,5
328,4
329,2
330,0
330,8
331,5
332,1
332,8
333,4
334,0
334,5
335,0
335,5
336,0
336,5
336,9
337,3

2,82758=03
3,00288=03
3,19456~03
3,40398=03
3.,63158=03
3.,687718-03
4,13978=03
4,41708=03
4,70500=03
5,00078=03

T5,29648=03

5.,58538=03
5,85918=03
6,108668=03
6,32498=03
6,49958=03
6,62638=03
6.70188=03
6,725768=03
6470108=03
6,63358~03
6,53038=03
6,39948=~03
6,24838=03
6,08408=03
5.91248=03
5.73818=03
5.56468=03
5,394568=03
5,22968=03
5.071268=03
4,91978=03
4477578=03
4,63928=03
4,51000=03
4,38818=03
4,27290=03
4,16448=03
4,06208=03
3,96548=03
3,87438-03
3,78838=03
3,70708=03
3,63028=-03
3,55768=03
3.48888=03
3.42378=03
3.36198=03
3,30328=-03
3.24750=03
3,19458=03
3,14418=03
3,09618=03
3.05038=03
3,00678~03
2.96508=03
2.92518=03
2,88708=03
2,85058-03

207 .2
208,8
210.5
212.4
214,585
217,0
219.7
222.7
226,0
229.7
233.7
234,0
242,6
247 .4
252.4
25746
262.8
267.9
273.0
27840
282,7
287.2
291,48
295,4
299.,0
302,48
305,5
308,3
310,9
313.3
31545
317,5
319.4
321.1
322.7
324,14
325.5
326.8
327.%
329.0
330,0
331.0
331.9
332.7
333.5
33443
335,0
335.6
336I3
33649
337.4
338,0
338.5
339.0
339.4
339,9
34043
340,7
3ul.1

T:66448402
8,292268+02
8.97808+02
9.726684+02
1,05418+03
1.142268+03
1.23678+03
1.33708+03
1.44199+03
1.5501#+03
1.65958+03
1.76768403
1,87188+03
1,96888403
2,05558+03
2.1268668403
2.18648403
222688403
2,24968+03
2.25550+03
2,24628+03
2.22408+03
2,19148403
2.151084+03
2,10508403
2,05568+03
2.,004384+03
1.95240403
1,90100+03
1,85068+03
1.80180+03
1.75480+403
1.70998+03
1,66718+03
1.62658403
1,58798+03
1,55140+03
1,51698403
1.,48430403
1,45358403
1,42438+03
1.3968@+03
1.37076403
1,34600403
1,32276+03
1.30056+03
1,2795€8403
1.2596P+03
1,24078403
1,22278+403
1,205684+03
1.18938+03
1,17388403
1.15908+03
1.14498+03
1.13158+03
1.1186€8+03
1,10636+03
1.09458+03

7.46070+02
7,79218+402
Be15868+02
8,56158+402
9.,00128+02
9,47678402
9.98478+02
1,05208+03
1,10738+03
1,163568403
1,21928+03
1,27288403
1.32258+03
1,36658+03
1,402808+03
1443008+03
1,44670403
1.452668+03
1,44776+403
1,43298+03
1,40958+03
1,37928+03
1,34388+03
1,304608+03
1,263808+03
1,22198403
1,18018+403
1,13918+403
1,09948403
1,06120+03
102488403
9.,90248+02
9.57598+02
9,26818+402
8.97858+402
8,70618+02
8,45028+02
§,209808+02
7,98408402
7.77178402
7.57218402
7.38448+02
7.207508+02
7,040984+02
6,883808+02
6.73558+02
6,59538+02
6.46288+402
6,33748402
6.21858+02
6,10588+02
5,99898+02
5.89738+02
5.80078+02
5,7088@402

'5,62138+02

5.,53798+02
5.45848402
5.38258+02

2847
29,3
30.2
3l.4
32.9
34,7
36,8
39,3
42,2
45,5
49,1
53,0
57.3
61,7
66,4
7143
76,2
gl.1
86,0
90,7
95,1
99.4
103,4
107,1
110,5
113,6
116,5
119,.1
121,5
123,7
12547
127.5
129.2
130,7
132,1
133.,4
134,5
135,6
136,6
137,5
138,4
139,2
139.9
140,6
141,2
14148
142,3
142.8
143,3
143.7
144,1
144,5
144,9
145,2
145,5
145,8
14641
146,3
14646

185.1
186,8
168.6
190,7
192,9
195,4
198,1
201,1
204,5
208,1
212.1
216,4
220,9
225,7
230,6
235.7
240,8
246,0
251,0
255,9
260,5
265.0
269.1
273,0
276.5
279,.8
282,86
285,6
268,1
290,4
29245
294,5
296.2
297,8
299.3
300,7
302.0
303,1
304,2
305,2
306,1
307,0
307,8
308,5
309,2
309,9
310,5
311.,0
311,6
312.0
312,5
312,9
313,3
313,7
314,1
314,48
314,7
315,0
315,3
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TABLE B-II. - INPUT CHARACTERISTICS AND ROTOR VERTICAL RESPONSE FOR A SINGLE MASS ROTOR

WITH FLEXIBLE SUPPORT AND DAMPING

L= 3,00008+01INCH L1= 1.50008+01INCH L2% 1.50008+01INCH H1= 0+0000@+00INCH
H2= 0,00008400INCH W= 1.100004+02L8 AM1Z 2,0000e=01L8 WM2= 2,0000€-01L8
K1X= 2,00008+04LB/IN K2X= 1.50009+041B/IN K1Y= 1,60008+04LB/IN K2Y= 1.20008+04LB/IN
C1X= 7,00008+00LH.SEC/IN C2X= 7,00008+00LB,SEC/IN €1Y= 7,00008+00LB.SEC/IN C2Y= 7.00008+00LB.SEC/IN
RiX= 0.00008+00LH/IN R2X= 0.00008+400LB/IN R1Y= 0.00008+00LB/IN R2Y= 0.00008+00LB/IN
D1X= 0,00008+00LB.SEC/IN D2X= 0,00008+00LB,SEC/IN p1Y= 0,00008+00Lp,SEC/IN D2Y= 0.00008+00Lg,SEC/IN
IP= 5,70008=01LB=IN-SEC2 IT= 2,16008+01LB~IN=SEC2 Ri= 2,00008+00INCH R2= 2,00008+00INCH

PHI= 0.00008+00DEGREES

SPEED Y1 Y2 SIY1 SIY2 ALFA2 S1A2 FY1 FY2 PUBFY1 PUBFY2
40 1,46938~02 7,05A646~03 14,1 30,4 2.72168=04 180,0 2.365160+02 b,55828+01 7.8 22,0
41 1,62668=02 8,58596=03 15,8 33,4 2,82738=04 178,1 2,61918+402 1,042004+02 9.4 24,8
42 1,80798=02 1,05086=02 13,0 36,9 2,9397@=04 175,4 2,91188+02 1,2758¥+02 11,5 28,2
43 2,01748=02 1,29360=02 20,9 41,3 3,07686=04 171,6 3,25038+02 1,57156+02 14,1 32,3
44 2,25888-02 1,60148-02 24,5 46,7 3,27718=04 166,6 3,64038+02 1,94658+02 17,6 37,5

45 2,53168=02 1.98928=02 293 53,4 3,61290-04 160.7 4,08140+02 2,41938+402 22.2  44.1
46  2,82438-02 2,46598=02 35,6 62,0 4,19218=04 154,9 4,55486402 3,00090+02 28,4 52,4
47 3,10108=02 3,016968=02  43.7 72.7 5.118368«04 151.2 5,00280+02 3,67366+02 3643 62.9
48 3,29146=02 3,57738=-02 53,5 85,6 6,39360=04 151,3 5,31188+402 4,358768+402 46,0 75,7
49 3,31108-02 4,02948=02 64,4 100,1 7,83398=04 155,3 5,34548+02 4,91268+02 56,7 89,9
50 3,13018=02 4,271168=02 74,6 114,5 9,14668=04 161,6 5,055384+02 5,21060402 66,8 104,1
51 2,81208=02 4,300868=02 42,6 127,5 1.,01528=03 168,2 4,54320+02 5,25040+02 T4,6 116,9
52 2,45678=02 4.19R38=02  87.5 138,4 1.08678=03 17441 3.97068+402 5,12860+02 79,4 127.6
53 2,13448=02 4,04598=02 89,4 147,1 1,13998=03 178,9 3,451268+02 4,94580+02 81,1 136,1
54 1,87510=02 3,8934@=02 88,5 154,0 1,18468=03 182,7 3,03300+02 4,76276+02 80,1 142,8
55 1,68408=02 3,76208=02 85,4 159,7 1,22708=03 185,8 2,72518+02 4,60600+402 76,8 148,3
56 1,557768=02 3,66048=02 80,8 164,3 {,27118=03 188,2 2,52168+02 4,4840€+02 72.0 12,7
57 1.49056=02 3,5869@=02 75,1 168,2 1,31918=03 190,3 2.4138€+02 4,397268+02 66,2 1596,4
58 1,47588=02 3,53998=02 69,2 171,6 1,37228=03 19Y2,1 2,39120+02 4,34288402 60,1 159,6
59  1,9059@=02 3,5167@=02 63,6 174,5 1,4307@-03 193.6 2.44100+02 4,3176@+02 D44 162,3
60 1,57258=02 3,514668=02 58,6 177,2 1,49488=03 195,1 2,5500€0+02 4,318308+02 49,3 164,8
61 1,66840<02 13,53158=02 54,5 179,6 1,56478=-03 196,5 2,7067€+02 4,34250+02 45,0 167,0
62 1,7879@=02 3,56598=02 51.2 181,9 1,64078=03 197,9 2,90198+02 4,36810+402 41,5 169,1
63 1,92720-02 3,61640=02 48,7 {84,1 1,72308=03 199,3 3,12950+02 4,45398+02 38,9 171,1
64 2,08408-02 3,68238=02 46,8 186,2 1,81218=03 200,6 3,38558+02 4,5387€+02 36,8 173,0
65 2,25678=02 3,76298=02 45,5 188,2 1,90838=03 202,0 3,66798+02 4,64198+02 35.3 174.8
66 2,44488=02 3,85R18=02 14,6 190,3 2,01218=-03 203,5 3,9755€8+02 4,76320402 34,3 176,7
67 2,64838=02 3,96768=-02 44,2 192,3 2,12408=03 205,0 4,3085€+02 4,90260+402 33,8 178,5
68 2,86758=02 4,09150=02 44,1 194.4 2.24458=03 20646 4,66750+402 5,06000+02 33,5 180.4
69 3,10310=02 4,22998=02 44,4 196,5 2,37426~03 208,3 5,05350+02 5,23578+02 33,7 182.4
70 3,35598=02 4,38318=02 45,0 198,7 2.51368=03 210.1 5,46798402 5.,43008+402 34,1 184,4
71 3,62678=02 4,55108=02 45,8 201,0 2,66338~03 212,0 5,91218+02 5,64318+02 34,8 186,5
72 3,91638=02 4,73398=02 46,9 203,5 2.82368=03 214.1 6.38768+402 5,87518+02 35.7 188,7
73 4,22548-02 4,931568=02 48,3 206,0 2,99498=03 216,3 6,89548+02 6,12598+02 37,0 191,0
74  4,55430~02 5,14346=02 50,0 208,7 3,1771e=03 218,7 7.43628+02 6,39518+02 38,5 193,5
75 4,90308=02 5,36878=02 52,0 211,6 3,37008=03 221,3 B8,0097@+02 6,68148+02 40,3 196,2
76 5,27048=02 5,60588=02 54,2 214,7 3,57298=03 224,1 B8,61468+02 6,98300402 42,4 199,1
77 5,65458=02 5,85218=02 56,7 218,0 3,78428=03 227,2 9,24768+02 7,29688+02 44,8 202,2
78 6,05208-02 6,10408=02 59,6 221,5 4,00178=03 230,5 9,90328+402 7,61838+02 47,5 205,6
79 6,45768=02 6,35678=02 62,7 225,3 4,22208~03 234,1 1,05738+03 7,9413¢+02 50.5 209.1



G01

80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138

6,86438=02
7,26288-02
7,64248=02
7.99088=02
8,29658=02
8.54918=02
8,74168=02
8,87158=02
8,94068=02
8,95518=02
8,92418=07
8,85808=02
8,76728=02
8,66058=02
B8.54488=02
8,42420-02
8,30098=02
8,17548=02
8,04750=02
7.91656=02
7,7823802
7.64520=02
7.50598=02
7.36548=02
7.,22498«02
7.,08568=02
6,94868=02
6.81478=02
6,68468=02
6,55898=02
6,43788=02
6,32148=02
6,20998=02
6,10320=02
6,00138=~02
5.90408=02
5.,81118=02
5,72258=02
5,63808=02
5,55738=02
5.48048=02
5,40698=02
5.33678=02
5.26978=02
5.20568=02
5.14438=02
5,08568=02
5,02948=02
4,97568-02
4,92408=02
4,87458-02
4,82698=02
4,76138<02
4,73748=07
4,69538=02
4,65478=02
4,61578=02
4,57808=02
4,54168=02

6,603508=02
6,83680=02
7.,04788=02
7.22738=02
7.36708=02
7,46068=02
7,50448-02
7.49908=02
7,44828=02
7,35918=02
7.24058=02
7.10168=02
6,95098=02
6,79538=02
6.63930=02
6,46540=02
6,3345@=02
6,18608=02
6,03918=02
5,89798=02
5,74708=02
5,60158=072
5,45698=02
5,31396=02
5,17350=02
5,036508=02
4,90368=02
4,77548%=02
4,65220=02
4,5342@=02
4,42168=02
4,31438=02
4,21738=02
4,11538=-02
4,02328=02
3,935808=02
3,85298=02
3,774216-02
3,6993@=02
3,62830=02
3.,5608@=02
3,49666=02
3,43558=02
3,37730=02
3,32198=02
3,26918=02
3,21860=02
3,17058=02
3,12450=02
3,080608=02
3,03A58=02
2,99828=02
2,95968=02
2,92268=02
2,88718=02
2.85308=02
2,82038-02
2,78R88-02
2,75858=02

66,2

69,9

73.9

78.1

82.4

8649

91.4

95.8
100,1
104,2
108,1
111.8
115.2
118.3
121.2
124,0
126,6
129.1
131.4
133,6
135.8
137.8
139.7
141,5
143,2
14448
14643
14747
149,0
15042
151.3
152.3
153.3
154,2
155,1
155,9
15646
157.3
158,0
158.6
159.2
159.7
16042
160.7
161.2
161,6
16241
162,5
162,8
163,2
163,5
163,9
164,2
16445
164,8
165,.1
165.4
165.,6
165,9

229.3
233,5
238,0
242,7
247 .4
252,3
257 ,1
261,8
266 .4
270,8
274,9
278,8
282,4
285,8
28d,9
291,9
294,8
297,5
300,1
302,6
305,0
307,3
309,4
311,5
313,4
315,2
316,9
318,5
319,9
321,3
322,06
323,68
324,9
326I0
327,0
327,9
328,7
329,6
330,3
331.,.1
331.,8
332,.4
333,0
333,6
334,2
334,7
335,2
335,7
336,2
336,6
337.,1
337,5>
337,9
338,2
338,6
338,9
339,3
339,6
339,9

GLa40Te%0Y
4,65228=03
4,84998=03
5.026908=03
5.17656=03
5.29318%03
5,37348=03
5.,41648=03
5.,4241€=03
5,40098=03
5,35288=03
5,286208=03
5.,20748=03
5,1216@=03
5,03278-03
4,94280=03
4,85300=03
4,76328=03
4,67316=03
4,58228=03
4,49020=03
4,39738=03
4,30398=03
4,21058=03
4,11808=03
4,02688=03
3,93788=03
3.85128-03
3,76758=03
3,68708=03
3,60978=03
3,53578=03
3.46518%03
3,39779=03
3,33358-03
3,27238=03
3,21418=03
3,1580668=03
3,10598=03
3,05568=03
3,00778=03
2,96218=03
2,91860-03
2.87718=03
2,83748=03
2,79968=03
2.76348=03
2,72888=03
2,69578=03
2,66408=03
2,63368=03
2.60458=03
2,57668=03
2.54978=03
2,52408=03
2.49928=03
2,47548=03
2.45248=03
2,43048=03

237.9
242,0
246,3
250.8
255574
26041
264,8
269.4
273,9
278,2
282,2
286,0
289,5
292.8
295.9
298,.7
301,5
304,1
306,6
308,9
311,2
313.,4
315,4
317.3
319.1
320.8
322,4
323.,9
325,3
32646
327.8
328.,9
329.9
330,9
331.8
332,7
333.5
334,2
334,9
335.,6
336.2
336,8
337.4
337,9
338,5
338,9
339.4
339.9
340,13
340.7
34141
341,.4
341,8
34241
342.4
342.8
343,1
343,313
343,6

1,12456+03
1,19058+03
1,25358+03
1.31148403
1,36249+03
1.40478403
1,837284+03
1,45950+03
1,47188+03
1,47518+403
1,47090403
1,46108+03
1,446968+03
1,430384+03
1,41218+03
1.39318+03
1,37368+03
1,35386403
1,33356+03
1.3127€403
1.,29148403
1,2695@+03
1.24738403
1,22480+03
1,20230+03
1.18008+03
1.15800403
1,13658+03
1,11578+403
1.095508+03
1,07618+03
1,0575@+03
1,03968+03
1,02250+03
1,00638+03
9.90718+02
9.759084+02
9,61798+02
9.48358+02
9,355484+02
9.2333€+402
9,11708+02
9.00618+02
8.900484+02
8,7995@+02
8,70328+402
8,61128+02
8,52338+402
8,43938402
8,35908+02
8,282208+02
8.20860+02
8,13818+02
8,07068+02
8,00598+02
7.94388+02
7.,884308+02
7.82718+02
7.772208+02

8,25788+02
8,556818+402
8,83108+02
9.06528+02
9,25000+02
9.37718+02
9,44218402
9.44528+02
9.39120+02
9,.,28898+02
9,14918+02
8,98348+02
8,80250+02
8,6150684+02
§.42678+02
8,24088+02
8,05828+02
7,87848+02
7,70028+02
7.52268402
7.34500+02
7.,16768+402
6,99098+02
6,81608+02
6,64390+02
6,47598+02
6.31280+402
6415548+02
6,00418+02
5.85920+02
5,7209€+02
5,5893@+02
5,46418+402
5434520+02
5.,232408+02
5.,12548+02
5.02408+02
4,92788+02
4,83668+02
4,750084+02
4.66798+02
4,59008+402
4,51596+02
4,84568402
4,37868+02
4,31508+02
4,25440402
4,19668+02
4,14150+02
4,08908+02
4,03898+02
3.,99118+02
3.945384+402
3.901608+02
3,85988+02
3,81988+02
3,78158+02
3,764868+02
3.70968402

53,8
57,3
61,2
65.2
69,4
73.8
78,1
82.4
86,5
90,5
94,2
97,7
101,0
104,0
106,43
109,4
111,8
114,1
116,3
118 ,4
120,4
122,3
124,1
125,7
127,.3
128,7
130,1
131,3
132,5
133,5
134,5
135,4
136,2
137,0
137,7
138,3
138,9
139,5
140,0
140,5
140,9
141,3
141,7
142,0
142,4
142,7
142,9
143,2
143,5
143,7
143,9
144,1
144,3
144.4
144 ,6
144,7
144,9
145,0
145,1

212,9
217,0
221,3
225.7
230,3
235,0
239,6
244,1
248,5
252,7
256,7
260,3
263,8
267,0
269.9
272,7
275,4
277.9
280,3
282,6
284,9
287,0
268,9
290,8
292,5
29442
295,7
297,1
298,3
299.5
300.6
301,7
302,6
303,5
304,3
305,0
305,7
306,4
307,0
307,5
308.0
308,5
308.9
309,4
309,7
310,1
310,4
310,8
31,1
311,3
311,6
311.8
312,0
312.2
312,4
312,6
312,68
312.9
313,1
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L=
H2=

K1X
C1x
R1X
D1X

Ip

TABLE B-III. - ROTOR DISPLACEMENTS AND PHASE ANGLES

[Positions on shaft correspond to number of places selected on input data card 4.}

3,00000+01INCH
0.00008+00INCH
2,00008404LB/IN
7.00008+400LB.SEC/IN
0,00000+00LB/IN
0.00000+00LB.SEC/IN
5.7000R=01LA=IN=SEC?2

Lz

15,0
15,0
15.0
15.0
15.0
15,0
15.0
15.0
15.0
15,0
15.0
15,0
15.0
15.0
15,0
15.0
15,0
15.0
15,0
15.0
15,0
15,0
15.0
15,0
15.0
15,0
15,0
15.0
15.0
15.0
15.0
15.0
15.0
15,0
15.0
15.0
15,0
15.0
15,0
15,0

L1= 1.50008+01INCH
W= 1.,10008+0201B
K2X= 1.50008+04LB/IN
c2X= 7,00008+00LB.SEC/IN
R2Xx= 0.,00008+00LB/IN
p2x= 0,00000+00LBLSEC/IN
I7= 2,16008+01 8~IN=SEC2
PHI= 0.00008+00DEGREES

XL

6.55828=03
7,25998=03
8,06016=03
8,97928=03
1,00448=02
1.12878=02
1,27538=02
1.44988=02
1,65936=02
1.91238=02
2.21708=02
2,57858-02
2,98930-02
3,41168=02
3,76046=02
3,92698=02
3.86120%02

‘3,61948=02

3.30188-02
2,98178=02
2,692568=02
2.44328-02
2,23188=02
2,0530€-02
1,9011€=-02
1,77138=02
1.6594@8=02
1.562168=02
1.4769€=02
1,40168=02
1,33458=02
1.27458=02
1.2203€-02
1,17128=02
1,12658=02
1,08560=02
1,04808-02
1,01340=02
9,81698=03
9,526968-03

YL

1.07798=02
1+22968=02
1.41138=02
1.63058=02
1.89518=02
2.21128=02
2.57558=02
2.96138=02
3.30088=02
3.49556=02
3.483908=02
3.29908=02
3.02888=02
2.74578=02
2.48608=02
2.26038-02
2.06818=02
1,90488=02
1.76588=02
1.64680=02
1.,54448=02
1.45578=02
1,37828=02
1.3101@=02
1.25018=02
1.19698=02
1.14978=02
1.107860=02
1.07078=02
1.03828=02
1.01008=02
9.86168=03
9.66678=03
9.5174@=03
9.416268=~03
9.36638=03
9,37088=03
9.,43258=03
9.55288=03
9.73116=03

L2=
WM1=
K1Y=
c1y=
R1Y=
piY=

Rl=

1+50008+01INCH
2.00008=01LB
1.60006+04LB/IN
7.00008+00Lg.SEC/IN
0.00008+00LB/IN
0.00008+00LB,SEC/IN
2.00008+00INCH

PXL

11.21
12.20
13.34
14465
16.18
17.99
20.15
2276
25.98
30,01
35.13
41,68
50.08
60.66
73435
87.29
100.92
112.86
122456
130,15
136,02
140,58
144,15
146.98
149,23
151.03
152.48
153.65
154,56
155.28
155.81
156419
156.41
156.50
156445
156.26
155.94
155.47
154,84
154,04

Hy=
WMes=
K2v=
c2y=
R2Y=
p2Y=

Rez=

PYL

19435

21.87

24,97

28,82

33,68

39,89

47,87

57.98

70,27

84,03

97.76
110,01
120.04
127,90
133,97
138,66
142,32
145,20
147.46
149,24
150.62
151,67
152,45
153,00
153,33
153.46
153,42
153.20
152,81
152.26
151,54
150,67
149,66
148,52
147,27
145,95
144,60
143,29
142,09
141,06

0.00008+00INCH
2,00008=01L8
1.20008+04LB/IN
7+.00008+00LB.SEC/IN
0.00008+00L8/IN
0.00008400LBSEC/IN
2.000U8+00INCH

SPEED

40,00
41.00
42,00
43,00
44,00
45,00
46,00
47,00
48,00
49,00
50,00
51,00
52,00
53,00
54400
55,00
56400
57,00
58,00
59,00
60,00
61.00
62,00
63,0¢
64,00
65,00
66,00
67.00
68,00
69400
70.00
71,00
72,00
73,00
74,00
75,00
76,00
77.00
78,00
79.00



LOT

15,0
15.0
15.0
15.0
15.0
15.0
15.0
15,0
15,0
15.0
15,0
15.0
15.0
15.0
15.0
15,0
15'0
15,0
15,0
15.0
15.0
15.0
15,0
15,0
15.0
15.0
15,0
15,0
15.0
15.0
15.0
15,0
15,0
15,0
15.0
15,0
15.0
15,0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15,0
15,0
15,0
15.0
15.0
15,0
15.0
15.0
15.0
15,0
15,0
15.0
15.0
15.0

9.,26458=03
9.03208=03
8.83366=03
8,67578-03
B,56678=03
8,51678=03
8.53618=03
8,633808=03
8,8156€=03
9,08268=03
9,43000=03
9,84686-03
1,03178=02
1,081968=02
1,13308=02
1.18248=02
1,22818=02
1,26R08=02
1,30088-02
1,32608=02
1,34358=02
1,35388=02
1,35768=02
1,356168=02
1,3502€=02
1,34098=02
1.329208=02
1,31568=02
1,30098=02
1,2855@=02
1.,26978=02
1,25396=02
1,23838=02
1,2229@=02
1,20798=02
1,19348=02
1,179368=02
1,16588=02
1,15288=02
1,1403@=02
1,12838=02
1,11698=02
1,10598=02
1,0954@=02
1,08538=02
1,07578=02
1,06650=02
1,05768=02
1,04928=02
1,04108=02
1,03328-C2
1,02588=02
1,01868=02
1,01178=02
1,00518-02
9,98678=03
9.92538=03
9.86628=03
9.80928=03

9.96358=03
1.02438=02
1.,05578=02
1.08918=02
1.122808=02
1.15508=02
1.18408=02
1.20868=02
1.228068=02
1.24208=02
1.25098=02
1.,25518-02
1.25568=02
1.2531@=-02
1.24848=02
1.24208~02
1.,23458=02
1.22608=02
1.21688=02
1,20698=02
1.19668=02
1.18598=02
1.17486=02
1.16358=-02
1.15218=02
1.14088=02
1412948=02
1.11838=02
1.10748-02
1.09678=02
1.08648=02
1.07648=02
1.06678=02
1.05748=02
1.04648=02
1,03978=02
1.03148=02
1.02348=02
1.01578=02
1.00838=02
1.,001208=02
9.94388-03
9.87828=03
9.81518=03
9.75458=03
9.69618-03
9.63998=03
9.,58588=03
9.53378=03
9.48358~03
9.43508~03
9.38838=03
9.34320=03
9.29968=03
9.2576R=03
9.21698=03
9417768=03
9.,139508=03
9410278~03

153,05
151.84
150442
148.75
146486
144,79
142,60
140.40
136.32
136451
135.09
134,16
133,78
133.96
134,68
135.87
137.46
139.35
141.44
143.65
145.89
146,09
150.22
152,23
154,12
155.86
15746
158493
160e27
161448
162.58
163.59
164,50
169.33
166,08
166477
167.40
167.98
168451
169400
169,44
169466
170.24
170,60
170.93
171.23
171.52
171.79
172.04
172.27
172,49
172.70
172,90
173,08
173.25
173.42
173457
173.72
173.86

140,29
139,84
139,75
140,04
140,71
141.72
143,02
144,52
146,16
147,87
149,58
151.24
152.83
154,33
155,74
157,05
158,28
159,44
160,53
161.56
162,53
163,44
164,29
165,09
165,83
166,52
167.16
167,74
168429
168,79
169,25
169,68
170,08
170,44
170,78
171,10
171,39
171,67
171.92
172,17
172,39
172,60
172,80
172.99
173.16
173,33
173,49
173,64
173.78
173,91
174,04
174,16
174,28
174,39
174,50
174,60
174,70
174,79
174.88

80.00
81.00
82.00
83,00
84,00
85,00
86400
87,00
868,00
89,00
90,00
91,00
92.00
93400
94,00
95.00
96.00
97,00
96,00
99,00
100,00
101,00
102,00
103,00
104,00
105,00
106,00
107,00
108.00
109,00
110,00
111,00
112,00
113,00
114,00
115,00
116,00
117.00
118,00
119,00
120,00
121.00
122,00
123,00
124,00
125,00
126,00
127,00
128,00
129,00
130,00
131,00
132,00
133,00
134,00
135,00
136,00
137.00
138.00
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TABLE B-III. - Concluded. ROTOR DISPLACEMENTS AND PHASE ANGLES

[Positions on shaft correspond to number of places selected on input data card 4.]

= 3.00008401INCH Li= 1.50008+01INCH L2= 1.50008+01INCH H1= 0.0000@+00INCH
H2= 0,00000+00INCH W= 1.100068+02L8 WM1= 2,00008=01L8B WM2= 2,00008=01L8B
K1X= 2.,00000+04L8/IN K2X= 1.50008+04LB/IN K1Y= 1.,60008+04LB/IN K2Y= 1.,20008+04LB/IN
C1X= 7,00008+400LH.SEC/IN C2X= 7.00008+00LB.SEC/IN C1Y= 7.,00008+00LB.SEC/IN C2Y= 7.,00000+00LB.3EC/IN
R1x= 0,0000@+00LB/IN RZ2X= 0.00008+0UB/IN Riy= 0.0000®8+00LB/IN R2Y= 0.,00006+00L8/IN
D1X= 0,00008+00LB.SEC/IN D2X= N0.0V0008+00LB.SEC/IN 01Y= 0.0000€+00Lg.SEC/IN D2Y= 0.00009+00LB.SEC/IN
IP= 5,70008=01LB=IN=SEC?2 [T= 2.160084+011 B~IN=SEC2 Rl= 2,00008+00INCH R2= 2.00008+00INCH

PHI= 0.00008+00DEGREES

Lz XL YL PXL PYL SPEED
=15,0 1,32618=02 1.86808=02 Te16 11,04 40,00
=15.0 1,42470=02 2.03478=02 7460 12.19 41.00
=15.0 1,53168=02 2.22128=02 8.12 13.65 42,00
=-15.0 1.64R18=-02 2.43040=02 B.71 15,53 43.00
=15,0 1,77578=02 2.66388=02 9.42 18,00 44,00
=15,0 1,916268=-02 2.91828=02 10.26 21,28 45,00
=15.0 2,071808=02 3.17978=02 11,30 25,65 46,00
=15.0 2,24098=02 3.41208=02 12.58 31,28 47.00
=15.0 2,438168=02 3.55118=02 t4.21 38,02 48,00
=15,0 2.65408=02 3.53118=02 16.29 44,95 49,00
=15.0 2.89388=02 3.35008-02 19.02 50e47 50400
=15,0 3,15278~02 3.093368=02 22,66 53,21 51,00
=15.0 3,41168-02 2.86548=02 27449 52,95 52.00
=15.0 3,6246R=02 2.72408=02 33.69 50,50 53,00
=15.0 3,71760=02 2.67706=02 41400 47,05 54,00
=15.0 3,62578=02 2.,70888=02 48433 43,49 55,00
=15,0 3,36548-02 2.80118=02 53.96 40,28 56,00
=15.0 3,03978=02 2.94036=02 56454 37.60 57.00
=-15,0 2,75660=02 3,116368=02 55.85 35.49 58,00
=15.0 2.57148=02 3.,32188=02 52472 33.94 59,00
=15.0 2,490868=02 3.55188=02 46,38 32.86 60,00
=15,0 2,49R08=02 3.,80338=02 43.90 32,18 61,00
=15.0 2,57078=02 4,07516=02 3%9.88 31.84 62,00
=15.,0 2.69018=02 4.36718=02 3656 31.78 63,00
=15,0 2,84276=02 4.67978=02 33.93 31.96 64,00
=15,0 3.02008=02 5.01398=02 31.92 32.35 65.00
~15,0 3,21688=02 53713802 30.41 32.94 66,00
=15.0 3,43026=02 5.75338=02 29.31 33.71 6700
=15,.0 3.65908=02 6.1619€=02 286454 34,66 68,00
=15.0 3,90288=02 6.59908=02 28408 35.79 69.00
=15.0 4,16188=02 7.06660=02 2775 37,09 70.00
=15,0 4,436968=-02 7.56658=02 27.65 38.58 71.00
=15.0 4,72948=02 8.10058=02 27,70 40,26 72.00
=15,0 5,040868=02 8.66978=02 27450 42.14 73,00
=15.0 5,37328-02 9.27478=02 28421 44,23 74,00
=15.0 5,72898=02 9.91518=02 28465 46,56 75,00
=15.0 6,11086=02 1.05898=01 29.20 49,13 76400
=15.0 6,52220=02 1,1291€=01 29.86 51,96 77,00

=15.0 6,96718=02 1.,20178=01 30+64 55.06 768.00
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=15.0
=15.0
~15,0
=15,0
=15.0
=15,0
=15,0
=15,0
~15,0
=15.0
-15,0
=15.0
=15.0
=15.0
=15,0
=15.0
*15.0
=15.0
=15,0
»15,0
=15,0
-15.0
=15,0
15,0
=15,0
=15,0
=15,0
=15.0
15,0
=15.0
=15,0
=15,0
=15,0
=15.0
~15.0
=15.0
=15,0
=15,0
=15.0
=15,0
=15.0
=15,0
=15,0
=15,0
=15.0
=15,0
=15,0
=15,0
=15,0
=15.0
=15,0
-15,0
=15,0
=15.0
=15.0
=15.0
=15.90
=15,0
=15,0
=15,0

7,44998=02
7.97558=02
8,54888-02
9,17478=02
9,85720=02
1,0599@=01
1,14008=01
1,22578=01
1,31638=01
1,41098=01
1,50R08=01
1,60576=01
1,70186-01
1,79368=01
1,87838=01
1,95288=01
2,01458=01
2,06138-01
2.09208=01
2,10638=01
2,105168=01
2,09018=01
2.06348=01
2,02748=01
1,98470=01
1,93728=0%
1,88706=01
1,83558=01
1,78388=01
1,73796=01
1,68338=01
1.63548=01
1,5895@=01
1,54578=01
1,50418=01
1,46868=01
1,42738=01
1,39208=01
1.358668=01
1,32718=014
1,29748=01
1,26938=01
1,24278=01
1,21768=014
1,19388=01
1.17138=01
1,15008=01
1,12978=01
1,11058=01
1,092368=01
1,07508=01
1.05858=01
1,04288=01
1,02780=01
1,01358=01
9,99878=02
9,86858=02
9,74398=02
9,62488=02
9.51068~02

‘027546'01
1.34908=01
1,42078=01
1.48848=01
1.,55008=01
1.60318=01
1.64608=01
1.67748=01
1,69698=01
1.,70528=01
1.70338-01
1.69318=01
1.67668=01
1.65588=01
1¢63246=01
1,60768=01
1,58226-01
1.556568=01
1.,53066=01
1.50446=01
1.47778=01
1.45068=01
1,42300=01
1,39528=01
1,36728=01
1,33938=01
1.31188=-01
1.28480-01
1.2585€=01
1.23300=01
1.2083€=01
1,18478=01
1,16208=01
1.14030=01
1.11958=01
1.09978=01
1.0808€=01
1.,0628f=01
1.04578=01
1.02938=01
1.01378=01
9,98878=02
9.84708=02
9.71178=02
9.5825@=02
9.45918=02
9.34118=02
9.22830=02
9412038~02
9.016908=02
8.,91798=02
8,82298=02
8.73178=02
B.644208=02
8.56028=02
8.47958=02
8.401808=02
8.32718=02
8.25518=02
8+.18588=02

31.55
32461
33,84
35.26
36.92
38,83
41,04
43,56
46,42
49.62
53.16
57403
61.22
65,70
70443
75.35
80,42
B85.54
90.66
95,70
100,58
105.26
109,69
113.85
117.73
121,32
124,62
127.67
130.46
133.02
135.37
137,52
139.50
141433
143,00
144.55
145,98
147431
14054
149,68
150.74
151474
152.67
153453
154,35
155.12
155.84
15652
157,16
15776
158,34
158,88
159,39
159.88
160,35
160.79
161,22
L6162
162.01
162437

58,44

62.09

66.01

70,16

74,52

79,03

83.63

88,23

92,76

97.16
101,37
105,33
109,05
112,50
115.72
118,72
121.54
124,20
126.73
129,15
131.46
133,66
135.75
137,73
139,60
141,36
143,00
144.53
145,96
147,29
148,53
149,69
150,77
151.77
152,71
153.59
154,41
155,18
155.91
156,59
157.23
157.84
158,42
158,96
159,47
159.96
160,42
160,87
161,29
161,69
162.07
162,43
162.78
163.12
163.44
163.75
164,04
164433
164,60
164486

79,00
80,00
81.00
82,00
83.00
84,00
85,00
86,00
87.00
88,00
89,00
90,00
91,00
92,00
93.00
94,00
95.00
96400
97,00
98.00
99.00
100,00
101,00
102,00
103,00
104,00
105,00
106.00
107,00
106400
109,00
110,00
111,00
112,00
113,00
114,00
115,00
116,00
117.00
118.00
119.00
120,00
121,00
122,00
123,00
124,00
125,00
126,00
127.00
128,00
129,00
130.00
131,00
132,00
133,00
134,00
135,00
136,00
137,00
138.00



APPENDIX C

LISTING AND SAMPLE OUTPUT OF COMPUTER PROGRAM ROTOR4M

BEGIN

COMMENT THIS PROGRAM EVALUATES DESIGN NDATA fOR A FOUR DEGREE
FREEDDHM SYSTEM THAT SIMULATES A ROTDIR NN GENERAL ANISOTRQPIC RRGS.

THt EQUATIOUNS SOLVED HAD BEEN LINEARIZED , N0 ASSUMPTIONS WERE
MADE ON THF BFARING CHARACTERISTICS « THE CROSS CNUPILING TERMS ARE
KEP] WITH PROPER SUBSCRIPTS AS USFD I[N THE DERIVATIUN OF THE EAQNS.

THE PROGRAM REQUIRES THE FOLLOWING T0 BFE READ AS INPUT DATA:
CARD ©

SPEC-ALLOWARLE PERCENT ERROR AN SPEED

CARD 1
1. W0~ INITIAL SPEED (RPS)
2« DW= INCREMENT InN SPEEUVD (RPS)
3.wM= FINAL SPEFD (RPS)

CARU 2

e L= LENGTH BETN BRGS (INCH)

2.L1= DIST FROM 1ST BRG TO MASS CENTER (INCH)

J.L2= DIST FROM 2ND BRG TOD MASS CENTER (INCH)

HdeW= ROTOR WEIGHT (LBS)

5. IP= POLAR M.T, (LB=IN=SEC?)

6o IT-TRANSVERSE M., DF ROTOR ABNUT MASS CENTER (LB=IN=SEC2)
CARL 3

1. WMI~FIRST UNRALANCE WEIGHT (LBS)

2. WM2~ SECOND UNBALANCE WEIGHT (LBS)

3. Hi= DIST FROM 15T BKG TG 1ST UNBALANCE (INCH)

4, H2= DIST FROM 1ST BRG TO 2ND UNRBALANCE -(INCH)

5. PHI~ PHASE ANGLES BETN UNBALANCE PLANES

6« R1= RADIUS 0OF 1ST UNBALANCE LOCATION

7« R2= RADTUS 0F 2n0 UNSALANCE L0OCATION
CTARD &

1« P= nBOe BF PLACES OTHER THAN THE B8RG LOCATIAONS WHERE

DISPLACEMENTS ARE 779 RE MEASURED

2.LZ1- NIST FRUM 18T BRG TU 15T PROBE (INCH)

3. LZ?2- DIST FRNOM 1ST BRG TO 2ND PRDBE CINCH)
CARD 5

1. Kix= 1ST BRG STIFFNESS IN

2. K2Y= 2ND BRG STIFFNESS IN

3, K1Y= 1ST BRG STIFFNESS Ti

4. K2Y= 2ND RRC STLIFFNESS IN
CARD 6

1. C1X=1ST BRG DAMPING COEFF ITnw X NIRECTIONCLR.SEC/IN)

2. C2%¥= 2ND BRG DAMPING COEFF IN X DIRECTION (LB.SEC/IN)

3.C1Y-1ST BRG DAMPING COEFF TN Y DIRECTION (LR«SEC/IN)

4. C2Y= 2ND BRG DAMPING COEFF IN Y DIRECTION (L8B8.,SEC/IN)
CARL 7

1. D1X= CROSS CNUPLING DAMPING COEFF (LRSEC/IN)

2. D2X~= CRUSS CIUPLING OAMPING COEFF (LReSEC/IN)

3, ND1Y~= CR(OSS COUPLINMG DAMPING COEFF (LR.SFC/IN)

4, N2Y¥= CROSS CNUPLING DAMPING CQREFF (LB«SEC/LN)
CARD 8

1. R1X= CRUSS CQOQUPLING STIF+ENEDS (1LB/IN)

2. R2X= CR{SS COUPLING STIFFNESS (LB/IN)

3. R1Y= CROSS CAUPLING STIFFNESS (L8/1IN)

4. R2Y~ CRUSS TOUPLING STIFFNESS (LB3/IN)

THE HEADING PRINT 0OUT OF THE InPUT DATA ARE AS FOLLOWS @
CARD 9

DIRECTION (LR/IN)
DIRECTIUN (LR/IN)
DIRECTION (LB/Iw)
DIRECTIONCLB/IN)

< < X x
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CONTRUL=IPENTIFIER CNONTROLLIMG THE SYMMETRY NF BEARING

LInNet LselL1s1.2sH1
LInNE2 H2sWadM1 s 412
l.iNe3 KLIXsK2Xx2K1Y,K2Y
LINEY CLXsC2K2C1lY»C27
LINeS R1XsR2XsR1Y»R2Y
LINES D1X»D2XsD1YeD2Y
LInNE7 IP,ITsR1sR2
LINES PHI 5
COMMENT

THIS PRUGRAM FIANS THE CRITICAL SPEFED AND THE CURRESPUNDING
AMPLITUDES ALONG WITH THE PHASE ANGLFES , FUORCE TRANSMITTED ETC.
IN OROER Tu GET SENSIBLE RESULTS WHICH MAY KEEP THE ALLGWABLE
PERCENT ERROR WITHIXN 1% NN THE CRITICAL SPEED THUS FOUND » THE DAMPING
CHARACTERISTICS OF THE BEARING SHOULD NOT BE TNO SMALL
THE DUTPUT QATA ARE AS FOLLUOWS:
0Ll SPEEU (RPS)
S0LZ:  COORDINATE
S0L3: AMPLITUOE (1n)
CUOLG: PHASE ANGLE OF THE AMPLITUDE WRT UNBALAMCE
CuLo 't MAJIR SEMT AXTS/AMPLLITUNE 0OF CONRDINATE (DIM)
CULOLT MINIOR SEMT AXIS/ZAMPLITUDE OF COORDINATE (DIM)
CuL/2: ELLTPSE ANGLE 0OF MA)JDR SEMT AXIS WITH X AXTS
COL&6: BEARING LOCATION NF MAXIMUM FARCE TRANSMITTED
CuLss AAX FORCE THRANSMITTED ’
CUL1D: PHASFE ANGLE NF MAX FURCE WRI UNAALANCE FNRCE
COoLll: PERCENT CY/LINIRTCAL MNNE

IF CONTROL=9 THEW wE ARE DeALING wiTH A SYMMETRIC BEARING CASE 3

REAL Ts» IUTTME, PTI4E 3

REAL WY »sWD s DW » 94M » L » L1 » L2 » W » IP , IT » WML » WM2 , HL »
H2 » PH » R1 s R2 » XK1£ » X2X » K1Y » K2Y , C1¥X » C2X s C1Y » C2Y

DIX » 02X » N1Y » N2Y » R1X » R2X » R1Y » R2Y » 6 » PI , ™M, DM1 » DMZ
RPE o RTT » RP » T » 111 » L22 » R0O1 » RO2 » PHI s EPS » RAD »

Ki1xY o K2xX » K1YY o K2YY » CLXX » C2XX » CLYY » C2YY » RIXX » R2XX »
R1IYY « R2YY » DIXYC » D2¥X » D1IYY » D2YY » PN1 » PD1 » SI » PN2 » PD? o
SIT » 88 » CC » DH » EE » PX1 » PX2 » PY1l » PY2 » PALl , PA? )

PFX » PFY s E » SPEGC » aX » 3X » AT » HY s THETA » MA » MI o

PERCENT 3
INTEGER PoN»I K1,JsK, IM,N0L,PP,CONTROL,ILONS
REAL ARRAY DMEGA » S » S5 » XX1 » XXP? » YY1 » YYZ »

PFX2 » PFY2 (3:500) » LZ{0:4]

XL » YL » PXL » PYLLO:3500,02141 ,3[0t3.,0:8] » C » X[0:8] »
PFX1 » PFY1(025001s CVIU:12) » AA[O:12,035001 » PA, FPA , AAX » ABX ,
AAY » ABY » FA , CIDRI0O:1213
LAHEL LNO0 » FINIS » E1 » E2 » LDU1l » DODITAGIN 3
BUJLEAN RSw H
FORMAT  HEADL1 (6(2(59("*"))»/)>»

24("*"), XL‘-O > X31. ,?..5("*");/)

24("%"), X1 » "ODESIGN NDATA FOR A SINGLE MASS RNTOR WITH FLEXIBLE SUPPORT

AND DAMPING"™ »X1 » 23 ("*™),/» H(2(59("%x"))s /D)) }
FOR“AT  HEAD2(2(2(59("*"))5/)»
XS » "L=",E11.8 , "INCH™ , X12 , "L1=" ,» E11.,4 ,"INCH" , X12 , "L2=" ,
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Elled4 » WINCH" » X12 5 "H1z=" 5 El11e84 , "INCH" » /
X4 » "H2=" , E11.4 » "INCH"™ » X13 » ®W=" , FE11.4 » "LB" , X913 » "WMi=" ,
Elled » "LB™ » X13 » "™WM2=" , t11.4 »"LB" » / »
X3 5 TKIXET , E171.4 » "LB/IN™ » X10 » "K2X=" , E11.4 s"LB/IN" , X10 »
w*K1Y=" , El1.4 » "LR/INT , X10 , "K2Y=" , E11.4 » "LB/IN" , /
X3 5 "CIX=" 5 E1134 , TLB.SEC/INY ,» X6 » "(C2X=" , L11.4 , "LB.SFEC/IN® ,
X6 » "C1Y=" 5 E11.4 5 "LBSEC/ZIN™ X6 » "C2Y=" , Fll.4 »"| B.SEC/IN™ »/»
X3 »"RIX=" » E11.8 » "LR/IN" , X10 , "R2X=" ,» E11.4 » "LB/IN" , X10 »
TR1Y=" , El1e4 » "LB/IN™ , X10 »"R2Y=" , E11.4 » “"LB/IN" » / »
X3 5 "DIXE" 5, EI11.4 s "LBGSEC/IN™ » X6 » "N2X=" , El1.4 » “LB.SEC/IN" ,
X6 » "U1Y=" , E1l1.4 » Y"LBLSEC/IN™ 5 X6 » "D2Y=" , L1144 » "LBSEC/IN"™s/
PX4,MIP=" , Ft1.4 , "LB=IN=SEC2" , X6 » "IT=" » F11.4 » "LB=IN=SEC2" ,
X6 » "R1=" , E£11.4 o "INCH" » X122 » "R2=" » E11,4+"INCH" ,/ ,
X30 , "PHI=" , E11,4 » "DEGREES"™ » /
202¢59¢"*"Y)»/)) 3
FORMAT OUT1( X1 » "SPEED™ , X3 + "CONRDINATE" » X2 » T"AMPLITUDE®™ , X2 »
"PHASE"™ , X2 » "MAJOR SEMI™ , X2 » "MINOR SEMI"™ , X2 », "ELLIPSE" , X2 »
"BEARIMNG" » X3 , "RBEARING"™ , X2 » “FQORCF PHASLE"™ , X4 », P"PERCENT"™ »
/ s MREV/SEC™ , X1A » "™(IM)I"™ » X5 » "ANGLE"™ » X?2s"aXIS (DIM)I"sX2,"AXIS
(DIMOY™,
X3»"ANGLE™ » X3 » "LOCATION"™ , x3 »"FORCE"™ » X6 » "ANGLE"™ » X5 ,
SCYLINORICAL" ) 3 ' ‘
FORMAT 0UT2A C F7.1 » X0 » "X" » I1 » X5 » E1043 » X1 » F6e.1 » X4 ,
F3.2 3 XT » F5,2 s X5 » Fh.1 » X6 » 12 5 X4 5, E10,3 » X2 » Fb6e1 » X7 »
F6.1 ) 3}
FORMAT OUT2H8 € F741 » X0 5 Y™ , T1 » X5 » E10.3 » X1 » F6el » X4 »
FOa42 » X7 » FS42 » X5 » FbHel » X6 » 12 , X4 , E10.3 » X2 » Fbel » X7 »
Fd.1 ) 3
FURWMAT QUT2C ¢ FT7+1 » X3 5 "X(" F5.1 » ™) , X2 s £1043 » X1
FO6,1 » X8 5 F5,2 » X7 » FS542 » X5 » FO.1 » X6 » 12 » X4 , E10.3 »
X2 » Fbal » X7 » FH.1 ) 3
FORMAT QUT2D € F741 » X3 5, "Y(" , F5.1 » """ , X2 » E10.3 » Xt »
FOal » X4 » F342 o X7 » FSu2 » X5 » FAhs1 » X6 » 12 » X4 » E10.3 »
X2 » Fb6s1 » X7 » FH.1 )

REAL PROCEDURE ANGLE(PN,2d)

VALUE PN , PD 3 REAL PN, PD

BEGIN

REAL B » PI 3

LABeL L1 » L2 » L3 » L4 H

PI « 3.14159 H

IF PN> O AND PD=0 THEN G0 TO L1 3

IF  PN<O AND  PHD=0Q  THEN GO TO L2 3

IF PN=Q AND PD=0 THEN GO 70 L3 3

B ¢ ARCTANCABS(PN/PI)Y) 3

IF PN<O AND PD>0 THEN B € 2x Pl - B 3
IF PN >0  AND PD<D THEN B¢ PI = B

IF FN<O AND PD<0 THEN Re PT+B ;

Gu TO L4

L1: ReP1/2

G0 TO L4 s

L2: Re (3xPI) /2
GU TO L4

L33 BeQ

L4l ANGLEER 3
END OF PROCEDURE
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PRJCEDURE FORCE(C » K*DsR»C1551aC2552sWH,FsPFX,PFY) 3

VALUE C » K o D » R » Cls 51 » C2 » S2 » HWW 3

REAL C » X » 1)'» R » Cl1 » S1 » €C2 , S2 » WW » F » PFX , PFY
CUMMENT THIS PROCEQURE CAILCULATES THEE. FORCE 0OR  MOMENT
PRODUCED 8y THE REACTIONS WHERL

C= uAMPING CNEFF D= CKASS COUPLING DAMPING

K= STIFFNESS CNEFF R= CRAOSS COUPLING STIFFNESS

THE FORCE CALCULATED IS IN THE DIRECTION OF X1 WHERE
X1="C1 COSCWAT)Y + S1 SIN(WWT)Y sWHFRE WW=ROTNR SPEED N RAD/SEC

DIRECTTUN wNORMAL TO X1 1S X2 WHERE

X2= C2 CNS (WWT) + S2 SINCWWT)

F=F COSCWWT=PH)=A COS(WWT) + B SINIwWT)

BEGIN

Real, A, B

L € € X WW X S1 + X x C1 + D x WW x S2 + RAx C2 ]

3 €=WW X C X C1 + K x S1 = WW x D x C2 + R x S2 3
F € 3QRT ( Ax A + Bx B )Y 3

PFX € AnNGLE ( 8 » A) PFY € AMGLE (=A » B ) H

END 0OF PROCEVURE FORCE 5

PRUCEDUKE ARBITRARYDISPLACEMENT (LZ » L » X » XL » YL » PXL » PYL
VALUE LZ » L

REAL LZ » L » xL » YL » PXL » PYL

RE A ARRAY X[01 H

dEGLN

COMNENT  THIS PROCEDURE  CALCULATES THE X AN Y DISPLACEMENTS AT
ANY  POINT ME&SUREY FaiM  THE  FIRST BRG « XL 1S SHAFT ABSAOLUTE

X JISPLLACEFMENT aND Pxt. TS THE PHASE ANGLE 3
REAL e ;
L ¢ LZ/L H
AX ¢ 7x XQ{31 + (1 =~ 7 > x xX[11 %
oX ¢ ZX X{4) + (1 = Z ) x X[21 ;
Af ¢ 7 x X[{7) + (1 = 2Z )y x X[5)
oY € 7 x X[(B} + (1 = £ ) x x[8&] ;
XL ¢ SoRT ( AXx AX + RXx RXx ) }
YL « SAORT ( AY x AY + BY x By ) :
PXL € ANGLE (RXx » AX ) 3
PYL € ANMNGLF € = AY » BY ) H
END OF PRUCEODURE ARBITRARYDISPLACFEMENT 3

PROCEDURE PERCYL (A»BsCsNsPERCENTY 3
VALUE AsBsC»D;
REAILL A»R,C»D,PERCENT 3
BEGIN
REAL XX1sXX2,U ¢
XX1€¢ SGRT(AXA+RxB) ;
XX2&€SORT(CxC+DxN) #
UeSQRT(CA+CHI*2+(R+1D)I%x2) 3
IF XX1>XX2 THEN
PERCENT«U/(2%XxX1)X100
ELSE
PERCENT €U/ (P2XXX2)IX100 H
END NOF PROCEDURE PERCYL ¢

PROCEDURE FILLIPSE(AsB,CrDsMA»MI»THETA)YS

’
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VALUE A»BsCsD;
REAL A»B,C,DsMa,MI»THETA?
BEGIN
REAL UsVsni
LABEL FIN 3
UeAXA+BxB+CxC+DxD;
Veyax (AxD=BExC)Ix23
W ¢ SORT(ARS(UxU=V)) /2 $
MA € SQRT(ABS(U/2+W))
MI ¢ SOURT(CARS(U/2=4))3
IF (MA=MI)/MA<,N1 THEN
BEGIN
THETA€OQ? GO T0 FIN 3
EnND
ELSE
BEGWIN
Ue2x (AxC+BxD)3
VeEAXA+3XEB=CxC=DxD 3’
THETAANGLE (UsVIXI0/3,14159:
END S
FIins FnD NDF PROCEDURE ELLIPSE 3

PRUCEDURE SUOLVE(Ns»A»CrROSH»EsK1»EPS,X»EL1,E2)3VALUE NoRSW,E,K1,EPSS INTEGER
‘Noni3REAL ELEPSIBOOLEAN RSWIREAL ARRAY A[{0,01,C»oXT0OJSLABEL E1,E2FREGIN
INTEGER T»rJsKsJ1,K2,L3REAL BIG»TEMP,DIAG,NORM,Q30WN INTEGER ARRAY FL[O:N]
FJREAL ARRAY DLO:NJ;OWN REAL ARRAY BIN:N,QINISLAZEL S$51,52,53,54,55556sREP
sS79sS85,59,1T1,5105,5115512,513,514,515,EXIT3S18TF RSw THEN G TD REPFFOR
T€lSTEP TUNTIL N DO FOR JelSTEP (UNTIL N DO RBITsJ1€AlI»J13S2:F0R T€1STEP
TUNTIL N DO REGIN Le€I=13FNR Jel STe® 1UNTIL N D0 BEGIN Q€03;F0R K€1STEP
IUNTIL L DO Q€B[{JrKIXBIK,TI+Q3BLJ,TI¢B(J»1)=Q ENDERIG€0}K2€I3533F0R KeI
STEF TUNTIL N DO BEGIN IF ABS(BIK,T1)>BIG THEN 3EGIn BIGeABS(BIK.11)3K2¢
K EnD ENDSS4:IF BIGSEPS THEN GO TN g13F[I]€K2:TF K2#1 THEN S5:FNR KelSTE
P LUNTIL N DO REGIN TEMPeATKZ2,KI;AIK?,KI€ALI»KIZA[TI»KI€TEMPITEMP€BIK2,5K])
SBLK?,KI€BIIsKIIBII,KI€¢TEMPIENDIDTIAGEBII,115SAFNR JeI+1STEP 1UNTIIL N DD
BEGIN G«03FO0R KeISTEP I1UNTIL L D0 QeBITsKIXBIKs JI+4d3BII,J1e(BIT,J1=Q)/0D
IAG EnND ENDZJREPIFOR T€1STEP I1UNTIL N D} BEGIN TEMPeCIFIIIICIFITITI«CIITS
DLI1€Cl11¢TEMP ENDSFAOR I¢1STEP 1UNTIL N Dy BEGIWN {€l1=135Q€03S87:FNOR Ke1STE
P IUNTIL L DD QeBlI,KIXDIKI+Q@3ID(I1€(NDLI1=-Q)/BLI»T1END3S8:3FOR I¢N STEP=1U
NTIL 1DU BEGIN 9€03F0OR KeI+1STEP I1UNTIL N DD QeBITKIxXIK1+0:XITYeN[TI~E
ENDISO:TIF E=O0THEN GN T3 EXIT5J1€031T1IF JiI2Kt THEN GO 10 E23NORM€0?FOR
I€1STEF 1UNTIL N D0 BEGIN Q€03 «T=13S108F0R K«1STEP 1UNTIL N DD QeallsK
IxXTKI+G3DII)eC[T]1=Q3SI1:NORMeABS(DLTI)+NORM3Q€03S12:FOR K€1STEP 1UNTIL
L Vu Q€BlI,KIXDIKI+Q3DLITe(OLII~Q)/BCI-TIENDIFAR Ten STEP=1UNTIL 1D0 BFEG
IN Q¢€03S13:F0R KeI+1STEP {UNTIL N DO QeBILI,KIxDIKI+QA3X{I1eX{T1+DLI1=Q EN
D;S14:J1€J1+415515:21F NXE<NORM THEN GO TO IT13EXITIENDS

PROCEDURE ICALCULATE(CI»UMEG,IM»CGN)3
‘VALUE OMEGs»T»IMe (GO
REAL NMEGS
INTEGER 1,TIM,CG33
BEGIN
COMMENT THIS PROCEDURE CALCULATES THE AMPLITUDES AT BRG. LOCATIONS
UNTIL THE MAX AMPLITUDE 1S REACHED AT CERTAIN SPFFD 3
OMEGAC I JeOMEG?
SIL 1 ] € 2 x PL x OMEGA (T 1 :
SS I I 1S 1 1x510T1]1 H



HEGIN
REAL XXXX 3
All,11 € K1XxX = 122 x S35 (1] 3

A[1,2])] € C1XX ' x S[I1 3

A{1,3] € K2XX = L11 x S3(11
ALll1,4] € C2xX x S[I1 ;

A[1,5] ¢« RIYY 3

A{1,6] ¢ D1YY x S[I1 ;

AfLls71 € R2YY

A{1»,8] € D2YY x S [IY
A(Z2s1]) € = C1Xx x S(1] H
Af2,2] ¢ KIXX = L22 x S5[71] H
A{2,3] ¢ = C2XX x S5[1]
AL2s4] ¢ K2XX = L11 x S5(11 ]
AL2,5] ¢ = DIYY x S(11} 3
Al2,6] ¢ RIYY H

AL227] € = D2YY x S{1]} H
AL2,»8]1 € R2YY

A{3,1] € RiXX ;

AT3,2] € DIXX x S[I] ;

A{3,3) € RP2XX 3

AL3,4 1 € N2XUX x SIT] H

A[3,5] €« KI1YY = |22 % 35S5(11] H
Af3,61 ¢« C1YY x S{I1 H

Al3»7]1 € K2YY = L11 x SS[I] 3

Al3,3] € C2YY x S{I}

Afd4r1] € = DIXX X SI[T] H

A(4s2] € RIXX H

Af4,3] € = py2XX x S{11] H

AL4,41 € R2AX 4

Af4,5])] € = C1YY x S{1] ;

AL456] ¢ KLYY = |22 xS5S5071) H

Ald4s7] € = C2YY x S(I1] H

Af4s8]1 € K2YY = 11 x SSCI1 3

ALSs1) €« RT x SS[T)} = KIXX < L11

Al5»2] € = C1XX > L)1 x S{11

Al>»3]1 € = KT x SS{IT + X2XX x {22 H
AlS,43 € C2xX x LL22 x S(11] ;

ALD»5] € =R1YY x L11 H

A[5,6] € = RP x SS[I1 = L1l x S{I1 xDLYY H
A[(D»7]1 € R2YY x |22 H

A{5,8}) € rRo x SS[I} + nN2yy x L22 x 311
AlBs11 € C1LXAX x L11 x 5011 H

A{6,2) € RT x SS[T) = KIxXx x L11 3

Al0»,3] € = (C2XX x 22 x S[I] H

A[6,8] € = RT x SS[I] + K2%X x L22 H
Alws5] ¢ RP x SS[TI1 + 01YY x (11 x SIT1 s
AlB6+6]1 € =R1YY x 11 ;

Al6s7) € = RP x SSLIY =~ 0D2YY x L22 x S[I} ;
Al6,8) € R2YY x L2? ;

Al7,1) € = RIXX x L1t 3

A(75,2] € RP x SS{TI) = DIXXx x L11 x Sr11 ;
A{7s3) ¢ R2XX x 22 ;

Al7,4]1 € = P x  SS[IY + N2XX x L22 x SCL{]1
AL7»5) € RT % SS{11 = X1vyY x 11 H

A[(7,6] ¢ = CiYY x L11 x S[1]1 3
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A[Ts7]
AL7,8)
AlBs1]
A[B»2]
Ald»3]
Al8,4)
A[B:,5]
A[B»6]
ALB»T]
ATB,8)
Cl1] e
(N

ci31]

CL41]

CL5

(Mx

CLé]

cL7)

Ly}

(X%

END 3
SOLVE (N » A s C » RSA o E
38 € X[11 x X[1) + X[21x XI[21
XX1LI] € SORT (8B) ;
CC € X[31 x X[3] + XMa] x X(41
XX2(I1 ¢ SOrT € ¢C »

DY € XI51 x X[5) + X[(61 x X[6]
YYL[I] € SQRT ( DD ) 7

o€ XI[71 x X{71 + X8l x xX[8)
fY2[I1 € SQRT ( EE ) ;

IF IM>4 THeN
Jel  STEP 1t

=RT x SS[I1 + K2YY x
C2vy x L22 x S(11 3
RP x SS{TIY + NIXX x
=R1XX x L1 ;
RP x SSTI) D2XX x L
R2XX x 'L2Z2 3}
Clyy x L11 x S[T1) 3
RT x SSr11l K1YY x L
C2YY x L22 x S[T)
= RT x SS{T11 + K2YY
DM1 x SS[T1 x RL ) /
( ODM2 x SS[{I] x RZ x
( OM2 x SSII] x R? x
(NPM1 x SS[I] x R1 ) / M
(DM1 x RO1 x Ssfl] x R1
Yy 3

(OM2 x SSTT1 x Ri}?2 x R
(DM2 x SS{I) x RN2 x R
x SS§{11 x R1

M

1L ~AT 242 24+4214

s
€

‘.

*

L

(.‘
€«

e« (DM1 x KOt
L) i

FOR UHTIL P

BEGLIWN

ARBITRARYDISPLACEMENT (

PYLLI,»J] )y
AALPXJ+3,T1eXLII,J)3
AALZ2X)+4, T eYL LT )3
IF CGO=1 THEN

BEGIN
AAXT2xJ+31€AAX[?2xJ+AT€AX;
ARXI?2xJ+3)€ABX[?XJ+471eBX 3
AAY[2xJ+3 1€ AAYI?xJ+4 €AY
ABY[2xJ+31€ARY[PxJ+4]eBY}
PAL2XJ+31«PXLI[T»JIXRADS
PAL2XJ+83ePYL(I»JIXRADS

LZ0J)

END;
END3
AALT1,»I)eXX10115
AALZ2,T)eYYLILTTS
AAL3,1]€XX2(T13
AA(U,1]eYY2[1];
END OF PROCEDURE TCALCULATES
PRUCEDURE HELPME ( H » Q@ »1I
VALUE H » @ » TM » 1
»

M
3
INTEGER H » @ » IM 1

L22

L11 =xSCT1) 3

22 x S[I1)

11 3

b

x L22

+ (U422 x
SIN (PHI))
SIN (PHID)Y /7 M 3

+ ( DM2 x SSIIJ X R?2 x COS(PRIMY/ M
+ NDMZ x ROZ2 X SSITIxk2 x COS(PHIY)Y /

SSILT) x R2 x COS(PHINYI/ M 3}
/ M ;

2 x SIN ( PuHI J) / (Mx L)
2 X SIN ( PHI )Y / (Mx L) 3

+ 'MZ x ROz x SS[TIxKk2 x COS(PHI)) /

K1 5 EPS » x » E1 » E2 )

’

’

’

DO

s L o» X s XLILI»Jd) » YLIT»Jl » PXLII»J1 o



BFGQLIN
INTEGER LOC » J /
IF H = 1 THEN
PERCYL(X[11,x(21,X[31,Xx(41PERCENT)
ELSE
PERCYLCXI[S51sXI[61,X{73,XI[BI>PERCENT)Y
IF IM=1 0OR ImvM=2 THEN
ELLIPSE ¢ X[{11 , X[21 , X[51 » XE61 , MA , MI , THETA )
ELSE
IF " IM=3 NR IM=4 THEN
ELLIPSEC x[31 » xX[41 » Xf71s, XxX[81 » MA , MI , THETA )
ELSE™ ) -
ELLIPSE ( AAX[IMI»ABX[IMI»AAY[IMIsABY[IMY»MAsMI,THETA}S
IF IM € 4 THEN
BEGIN
LOC«CNORCIM] 3
COMMENT FOLLOWING PRINTS THE RESULTS IN X DIRFCTION AT BEARINGS
IF H=1 THEN

WRITEC LP » OUT?A » UMEGACL1] » COURCIM] » AA[LIM,I1, PALIMI,MA/AA{IM

»11,MI/AATITM, I » THETALLUC,FALIM],FPATTMILPERCENT)
ELSE
CUMMENT FOLLOWING PRINTS THE RESULTS IN Y DIRECTION AT BEARINGS

WRITEC LP » OUT?2B » OMEGALI] » CUGORLCIM) » AACLIMSI)s PALIMISMA/AALIM

sII,MI/AATIM,T I, THETAWILLOC,FALIM]SFPALIMI,PERCENT) S
END
ELSE
HeulN
IF FALQY > FALHY T[HEN
BEGIN
LOC€CAURINY 3
CUMMENT FOLLOWING PRINTS THE RFSUITS IN X DIRECTIDON AT ARBITRARY LNC
IF H=1 THEN
WRITE ( LP » JUT2C » OMEGALTI) » COUORICIM] , AALIM » 1 1
PALIMY ,MA/AALIM, T, MI/AALIM, T}, THETAL,LOCLFALQ),FPALQ1,PERCENT)
ELLSE
COMMENT FOLLOWING PRINTS THE RESULTS Tw Y DIRFCTION AT ARBITRARY LOC
WRITE C L® » OUT2D » NMEGALTT , COORLCIMI » AALIM , I 1 ,
PALIM] »MA/BACTM, 1), MI/AATIM»II,THETASLOCSFALQI»FPALQI.PERCENT)
END
ELSE
BEGIN
LNC€CNORIHY 5
COMMENT FOLLOWING PRINTS THE RESULTS IN X DIRECTION AT ARBITRARY LNOC
IF H=1 THEN
WRITE ¢ LP », OUT2¢ » OMEGALTY » CODR{TMI » AA[CIM » I 3 ,
PALIMY ,MA/AALIM,T1,MI/AACTM,I],THETAL,LOC,FATH],FRPALHY,PERCENT)
ELSE
COMMENT FODLLOWING PRINTS THE RESUL TS IN Y DIRFCTINN AT ARBITRARY LDC
WRITE ¢ LP » 0UT2D » OMEGA({IY , COORIIM]Y , AALIM » I 1
PATIMY »MA/ZAATIM,I]1,MI/AALIM,TI,THETALOC,FALH],FPALH],PERCENT)
EnNO 3
END;
ENU OF PROCEDURE HELPME?

PROCEDURE CALCULATE (I»UMEGsIM)}
VALUE 1,0MEG,IM3

ey

e

..

..
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REAL OMEG;
INTEGER I, 1M3

BEGIN
ICALCULATECT»OMEGSIM,T)3
PX1l € ANGLE (Xx[23 » X[1) ) 3 PXZ € ANGLF (Xx[41 , XxI31 >
PY1 "€ 'ANGLE (= Xx[51 » XI[61 ) ? PY2 € ANGLF (=XL[71 » X[B1 ) 3
IF ENTIERCIM/2)=IHM/2 THEN
- BEGIN '

COMMENT THIS CALCULATES THE PHASE ANGLES AND FODRCES AT CRITICAL
TSPEED IN Y DIRECTION 5 N ’
PAL2]€(SI+PY1)XRADS
PALAT«(ST+PY2)XRAD;
FORCECCIYsKI1Y,DIXsRIX>XE51, X061, xI11,X[2]sSTT1,FAL2],PFX,PFYINT11)3
FORCECC2Y s h2Ys D2X»R2Xs XI7 I, XT8)sX(31,X[415S{11,FAL&I,PFX,PFY2[11)}
FPAL21€(ST+PFY1[T])XRADS
FPATA4)€(ST+PFY2[11)xRADS
HELPME(2,8, 1My 1)
ENU ELSE
BEGIN
COMMENT THIS CALCULATES THE PHASF ANGLES AND FORCES AT CRITICAL
SPEED IN X DIRECTION 3 _
PAL11€(ST+PX1)xRADS
PAL31€(ST+PX2)xRADS
FORCECCIXsKIXsD1YsR1YsXI11,XIP1sXI5)sX[615SITI,FAL1],PFX{TI1,PFY)?
FORCE (C2XsK2XsD2YsR2Ys XE31aXT4lsXI71sXIB1»SLITsFAL3IPFXP[I1,PFY)}
FPAL11¢(SI+PFX1[I])xKADS
FPAL3]«(ST+PFX20T1)xRADS
HELPME(153,IM,1)3
END 3
ENU OF PROCEDURE CALCULATES

PROCEDUKE FINDMAX 3
BEGIN
REAL IDW H
INTEGER Ps Js S ; :
P.ABEL ENDOFM » GETITGOOD » WRITEIT , GOGDs, AGIN 3
IF CONTROL=0 THEN LONe? ELSE LUNel 3
FOR IMel STEP LON UNTIL NOL DO
BEGIN
IF CVLIM]} = 6 THEN GO TO ENDNFM
1F AACIM,17 2 AA(IM,I=11 AND CVIIM] # 3 THEN GU TN ENDQFM
IF AATIM,13 € AA[LIM,T=13 AND CVIIMI = 3 THEN GO TO ENDOFM
IF AACIM,I] < AATIM,I=1] THEN GO TO GETITGONN 3
CVIIM] € CVIIMI + 1 ;
GO TO ENDOFM 3}
GETITGNNDO ¢
CVLIM) « CvIlIM] +1 3
IF (OMEGALI] = OMEGAILI=-11) / OMEGACI) < SPEC THEN
BEGIN
P el ;
CVLIM] ¢ CyvlIMI + 1 3}
60 TO WRITEIT 3
ENU
IDW ¢ DW /7 2 3 P e I 3
GoGU ¢
J € 2 FOR S « 1, 3, 5 DO

.o ‘we
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BEGIN
DMEGA [{S1 ¢ OMEGA [P=J] 3
AALIMS>S) € AALIM,P=J]

P e P + 1 3 IF P = 4 THEN
BEGIN

OMEGALP) ¢ OMEGA[(P=1] + IDW 3

ICALCULATE (P»OMEGALPTI»IM»0);
END3;

IF AATIM,P] < AALIM,P=1] THEN
BEGIN

IF CUMEGALP]T -~ NMEGALP=131) / OMEGALP]}

BEGIN
CVIIM] € CVLIM) + 1 3
GO T WRITEIT
END 3
INDw « 1DW /, 2 3 GO TO GUGNH
END;
G TN AGIN 3
WRITEIT ¢
CALCULATE (P=1, OMEGA [P~-11,
PPe0 3
IF CVISI=6 THEN PPePP+L (N H
IF PP 2 NOL THEN
BEGIN

WRITE (LPIDBLI »<//,"THE FOLLOWING VALUES ARE AT THE MAX.

F7.1 » X1 "RPS"™> , WM) ;
FOR IM ¢ 1,2,3,4 DO
IM € NOL 3

END

ENUUFM 3

END3

END OF PROCEDURE FINDMAXS

IOTIME € TIMEC(C3) 3
PTIME € TIME(2) 3
G € 32,2 x 12 3
WRITE (LPL31) b
WRLITE (LP » HEAD1)
WRITE (LPILPAGE])
ReAu ( CR » / » SPEC )
READ (TR » / » WD » DW » WM ) 3
LD READ (CR » / » L » L1 » L2 »
READ (CR » s WM1 , wM2 , H1 » H?
READ (CR P » FOR Jel STEP 1
READ (CR K1Y » K2X » K1Y
READ (CR C2x » C1ly
REav (CR 01X D2x » D1y
READ (CK » R1X R2Xx » K1Y
READ ( CR , 7 CONTROL )
Pl ¢ 3.14159265 H
Me w/G 5

~

cix

" e % %
NN NN\
v % w w
- W s e
e W @ w W

;

M)
FOR Se1 STEP LON UNTIL NOL DD

W

»

H

»

PH
)

)
)
)

P

ee e ‘es

DML « WM1 /7 G 5 DM2 ¢ WM2/G

»

J ¢« J=1

END
P € Z 3 TUOMEGA [P) ¢ OMEGA [P=1] + TDW’
ICALCULAYE (P,OMEGATP1,IM,0)3

AGIN 3

<

CALCULATE (1-»

»

R1

UNTIL P DU
k2Y
cey
D2y
R2Y

.o

.
s

SPEC THEN

WM,

IT )

»

v ) 3

R2 )

“en

[(FINIS]

»

[LzeJ3y o

’
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RPP € IP / ™ 3
RP ¢ RPP/ (Lx LL ) % RT « RTT / C Lx L ) 3

L11 « L1 / L

L1

RTTe IT / M

3 L22 € L2 / L
7 RO2 ¢« H2 = L1

« (PR x PI ) /7 180
7 RSW ¢ FALSE 5 EPS € 4,0

/M
/M
/

k<

RO1 € H1 =
PHI

N ¢ 8

RAD ¢ 57,29578
K1Xx ¢« K1X
KiYY € K1Y
C1XX € C1X
C1YY € C1Y
RIXX ¢« r1X
K1YY € RtY
DIAX € D1X
D1YY ¢ D1Y

NN N NN
TT T T

.
’

; K2 XX
K2vY
C2xX
C2YyY
R2 XX
H R2YY
D?XX
D2Y¥

-e

e wu e

e ‘we

PNl € DM2 x RZ2 x SIM (PHI Y 3

Pl € Dml x R1 +

SI € ANGLE (PN1 , PDI )

PNZ € Ru2
PDe €« RO1
PP&0;
WRITE (LP
K1Y » K2Y
DLIY »D2Y »
WRITE
WRITE
WRITE
NOL €
1 €5

BEGIN

x P2 x N2 x SIN (PHI )
x R1

L I IR N N

nM2 x R2 x COS (PHIL )

»

8=10 JK1 € 2 ; E€1.08=5
K2X /M ;
K2Y /M H
c?2X / M 3
co2Y /M ;
RZ2X / M 3
R2Y / 4 ;
D2X / H H
ngy / ™ H

e

X )41 + rN2 X R2 x DM2 x CUS (PHI )Y
SIT € ANGLE (PNZ2 , PDZ ) 3

HEAD? » I » L1 » L2 »
» C1X » C?2X » C1Y » C2Y
IP » IT » R1 » R2 » PH
C LPIDRLY ) i
C LP » OUTI )

( LPLDBLY ) 3
4 + PxP

’

OMEGACIY ¢ O 5
FOR IM ¢ { STEP 1 UNTIL NOL D

AACIM.I] « 0 5
CVIIM) ¢ 1 3

H

0

1 » HZ » W » WML , #WM2 , KIX ,
» R1IX » R2X » R1Y » R2Y » D1X
)

0 )3

(LP,<"TOTAL PROCESSOR TIME = ™» F6£.2sX1s"MINUTES">,

’

kK2X
D2X

(LPLPAGE 1 » <"TOTAL I=0 TIME = ", F6.2, X1s» "MINUTES" >

ENUD}
COGRI11 € COOR{2] € 1t
CODRI[3] € COORCA4) € 2 3
FAR J ¢ 1 STEP 1 UNTIL P DO
CODRI?2xJ+3] ¢ CNOR[2xy+4) ¢ LZLJ1 3
DULTAGIN 3
I €¢I + 13
OMEGA [T] « OMEGA [(T1=11 + DwW 3
ICALCULATE (Is NMEGALIJ, MNOL»
FINDMAX 5
IF PP 2 NQOL THEN
BEG N
WRITE C(LP[PAGE]);
WRITE
(TIMEC2) = PTIME)Y / 3600 ) 3}
WRITE
(TIME(3)=IOTIMEN/3600 )
GO TO LDO 3
END 5
IF OMEGALTI] 2 W4 THEN
BEGIN

»



WRITE C(LPINBL) »<//s"THE FOLLOWING
F7.1 » X1s "RPS™> ,» kM) 3
FOR IM € 1,2,3,4 04 CALCULATE (1
WRITE (LPLPAGE] )3
WRITE (LP,<"TQTAL PROCESSOR TIME = 1w,
(TIMEC2) = PTIMEY / 3600 ) 3
WRITE C(LPLPAGE 1 » <"TOTAL I=D TIME = ',
(TIMEC3IY=IOTIME)/ 3600 ) 3
GO TO DD
ENDF
GO TO DOITAGIN
E2: WRITE (LP » < TACCURACY
GO TO LDOD 3
E1: WRITE (LP , <
su TO LD 3
FINIS
Enb .
ARCTAN IS SEGMENT NUMPER 0027,PRT AODRESS IS 0257
CUS 1S SEGMENT NUMBER NG23,PRT ADDRESS> IS 0255
SIN [$ SEGMEMT NUMBER 2029,PRT ADDRFSS IS5 0266
SURT IS SEGMENT NUMBEK 0030,PRT ADDRESS 1S 0254
DUTPUTC(WY IS SEGMENT NUMBER 0031,PRT ADDPRESS IS 0302
RLOCK CONTROL IS SEGMENT NUMBER N032+,PRT ADURESS IS 0005
INPUT(WY IS SEGMENT NUMBER 0033,PRT ADDRESS IS 0321
GU TU SOLVER IS SEGMENT NUMBER 0034,PRT ADDRESS 1S
ALGOL ARITE IS SEGAENT NUMBER 0N03%,PRT ADDRESS IS
ALGUL REAL 1S SEGMENT NUMBER N036,PRT ADDRESS IS
ALGOL SELECT IS SEGMENT NUMRER 0037sFPRT aDDRESS IS
COM  LATLuN TIME = 119 SECONDS.
NUMBER UF ErRRUORS DETECTED = 000. LAST EPROR 0N
NUMBER UF StQUENCE ERRORS COUNTEN = 0.
NUMEER OF SLOW wARNINGS = 0.
PRT SIZb= 2343 TOTAL SEGMENT SJZE=
DISK STURAGE RFEQe= 91 SEGS.S NOW
ESTIMATED CLRE STURAGE REQUIREMENT =

WM, IM ) ;

F6.2'

NOT  ORTATNED ™ > ) 3

SINGULARITY O0OR IiL CONDITIOWED

ner1
0014
0015
0016

CARD #

19R4 WNRDS.
SEGS.= 36,
S029 WARDS.

VALUES ARE AT THE MAX.

X1l

SPEED ="»

F6e2sX1s"MINUTESY>,

"MINUTES™ > »

MATRIX " > ) 3
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TABLE C-I

l

0+.00008+00INCH

= 3.00000+01INCH Li= 1.50008+01INCH L2= 1.50008+01INCH Hl=
H2= 0,00000+00INCH W= 1.10008+02L8B WM1= 2,00008=~01L8B WM2= 2,00008=01L8B
Kix= 2,00008+04/B/IN K2x=_1.50008+04] B/IN K1Y= 1,60008+04LB/IN K2Y=s 1,20008+04.B/IN
C1X= 7,00008+00LB,SEC/IN €2X= 7.00008+00LB.SEC/IN €1Y= 7,00008+00LB,SEC/IN €2Ys 7,000080+00LB SEC/IN
R1X= 0,00000+00LB/IN R2X= 0.00008+00 B/IN RiY= 0,00008+00LB/IN _ R2Y= 0.00008+00LB/IN
Di1X= 0,00008+00LB,SEC/IN p2X= 0,00008+00LB.SEC/IN D1Ys 0,00000+00LB,SEC/IN D2Y= 0,00008+00LB.SEC/IN
IP= 5,70008=01(B=]IN=SEC? 1T= 2,16008+01( B=IN=SEC2 Ri= 2,00008+00INCH R2= 2,00008+00INCH

PHI= 0.00008+00DEGREES

SPEED  CUURDINATE AMPLITUDE PHASE “MAUUR SEMT WINUR SEMT ETCIPSE BEARING ~BEARING “FORCE PHASE ™ ~PERCENT — -

REV/SFC CIN) ANGLE AXIS (DIM) AxIS (DIM) ANGLE _ LOCATION_ _ _FQRCE ANGLE CYLINDRICAL
48,b Y1 3,3258=02 61,7 1,11 0.45 21845 i 5.36B88+07 54,0 BBl
51,3 Y2 4,2848~=02 130,4 1016 __ 0,14 120.4 2 5,2310+02 119,.8 75.5
50,0 Y( 15,0) 3.4848=-02 97,8 1.16 0.25 121.1 2 5.2110+402 104,1 81.6
48,8  Y(=15,0) 3,5536=02 43,3 1,09 0,60 117,.7 1 _5.,3688+02 54,0 88,1
56,3 X2 4,8098=02 119.1 117 0.45 145.7 2 _ T43128402  109.7 _ 7943
55,0  X( 15,0) 3,9278=02 87,3 1e11 0,32 153.3 1 741736402 61,7 84,9
53,8  %(=15,0) 3.7108=02  39.1 1,01 0,71 167.5 1 7.1798402 47.8 91,0
86,3 Y2 7.5088=02 258,3 1,23 0,50 129.5 2 9., 4498402 240,7 13,6
88,8 Y1 8.9568=02 103,2 1,22 0.46 128,1 1 1,4758+403 89,5 13.8
91,3  YC¢ 15,0) 1.2568=02 151,6 1,06 0,71 116,2 1 1,4580403 98,6 14,2
88,8  Y(~15,0) 1.7058=01 100,3 1.24 0,47 129.7 1 1,4750+03 89,5 13.8 _
97,5 X2 9.3048=02 264,4 1,09 0,50 153,.7 2 1,4518403  248,5 11.7
_100,0 X1 _ ___ 1,0978=-01 107.5 1.08 0,58 _153,2 1 . 242468403 95,1 = 1242
102,5  X( 15,0) 1.3578=02 151,2 1,05 0,80 151,64 { 2.1728403 105,3 2.8
97.5 X(=15,0) 2.,1018=01 93,2  1.11 0,53 150,10 1 2:2408+03 83.6 11.7

HE FUCCOWING VALUES ™ ARE AT THE MAX, SPEED = 1#%0.0 RPS - T T T T e e
1T40,0 X1 5T 1Z58=02 T 164,1 o0 0387 7t I T TL.0738#03 1N, 018
140,0 Y1 4,4730«02 166,3 1,15 1,00 172,1 1 76698402 145.3 20,2
140,0 X2 3.2320=02 338,1 1,00 0.83 173.5 2 S.24168+02  315.8 18,97
140,0 Y2 2.7018=02 340,5 1,20 1,00 173.5 2 3.6448402  313.4 20,2




APPENDIX D

LISTING AND SAMPLE OUTPUT OF COMPUTER PROGRAM ROTSTAB

ROTSTAB PRDOGRAM CALCULATES THE GENERAL TRANSIENT MQOTION OF
THE FOUR DEGREE nF FREEDOM RIGID BODY ROTOR. A TQOTAL OF 8 CRDSS
COUPLED STIFFNESS AND DAMPING COEFFICIENTS MAY BE PRESCRIBED FOR
EACH BEARINGs THE ROTOR CHARACTERISTIC EQUATION IS EXPANDED TO
OBTAIN AN 8TH ORDER POLYNUMIAL EQUATION WHICH IS SOLVED TO DETER=
MINE ALL REAL AND IMAGINARY ROOTS. THE IMAGINARY COMPONENT
REPRESENTS THE ROTOR NATURAL FREQUENCY OR WHIRL SPEED AND THE REAL
COMPONENT DETERMINES STABILITYe. THE ROUTH CRITERION MAY BE USED
TO DETERMINE THE PRESENCE OF A REAL POSITIVE ROOT WITHOUT SOLVING
THE COMPLETE CHARACTERISTIC EQUATION. IN THE CASE OF A SYMMETRIC
ROTOR USE STABIL4 OR SET ORDER TO 6, CONVERGENCE PROBLEMS MAY
OCCUR WITH DOUOUBLE REPEATED ROOTS,

COMMENT INPUT DATA TN THE PROGRAM, ROTSTAB, WILL BE SQUGHT IN THE

"CR™., ALL DATA IN THIS FILE MUST BE IN FREE FIELD FORMAT. THE

LAYOUT OF THE FILE WILL BE GIVEN BELOW.

ROTSTAB INPUT DATA

<OPTION CARDS> THESE CARDS ARE OPTIONAL AND ANY OR ALL
OF THEM MAY BE DMITTED. IF MORE THAN ONE IS
PRESENT THEN THEY MUST DCCUR IN THE RELATIVE
DRDER DESCRIBED BELOW.

<SIGF1G CARD> IF THE STRING, "SIGFIG® IS THE FIRST
FIELD ON AN OPTION CARD THEN THE CARD MUST ALSO
CONTAIN A SECOND VALUE WHICH WILL BE USED AS
THE NUMBER OF SIGNIFICANT FIGURES OF AGREEMENT
REQUIRED IN THE CONVERGENCE TESTe IN THE
ABSENCE OF THIS CARDs TEN SIGNIFICANT FIGURES
WiLL BE REQUIRED.

<URDER CARD> If THE STRING, "ORDER"™, IS THE FIRST
FIELD ON A CARD THEN THE CARD MUST ALSO
CONTAIN A SECOND VALUE. THIS VALUE WILL BE
USEU AS THE ORDER OF THE POLYNOMIAL AND ANY
HIGHER OROER COUOEFICIENTS WILL BE SET TD ZERO.

<ROUTH CARD> IF THE FIRST FIELD ON AN OPTION CARD IS
THE STRING» "ROUTH", THEN THE ROUTH CRITERION
WILL BE APPLIED IN ORDER TO DETERMINE THE
STABILITY OF THE ROTOR AND THE PROBLEM WILL
NOT BE SOLVED FURTHER.,

<BASIC DATA CARD> THERE WILL BE ONE <BASIC DATA CARD> FOR
EACH RUN OF ROTSTAB. THE FIELDS OF THIS CARD
WILL BE USED AS VALUES FOR THE FOLLOWING INPUT
DATA AND IN THE SAME ORDER AS THEY ARE
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CARD

CARD

CARD

CARD

CARD

POLY

MODE

THIS

124

1,

4,0= RUTOR WEIGHT (LBS)

5. IP= POLAR M,1I,

6,

DESCRIBED BELOW,
L~ LENGTH BETN BRGS (INCH)
24L1= DIST FROM 1ST BRG TO MASS CENTER (INCH)
3.L2= DIST FROM 2ND BRG TO MASS CENTER C(INCH)

IT=-TRANSVERSE M,1I,

<DATA SET>

1
1.
24

3.WM= FINAL

2

1.
2,
3.
4,
3

1.
2.

4,
4

1.
2.
3.
4,
5

1.
2,
3

Wo~
DW=

KiX=
K2X=
K1Y=
K2Y=

C1X~1ST BRG DAMPING COEFF

18T
2ND
18T
2ND

BRG
BRG
BRG
BRG

DESIRED.
DESCRIBED BELOW,
FIRST SET»

(LB=IN=SEC2)

OF ROTOR ABOUT MASS CENTER (LB=IN=SEC2)

THERE MAY BE AS MANY SETS OF DATA AS

THE LAYOUT OF A SET OF DATA WILL BE

WITH THE EXCEPTION OF THE

EACH NEW SET OF DATA SHOULD FOLLOW

IMMEDIATELY AFTER THE LAST CARD OF THE
PRECEDING SET.

STIFFNESS
STIFFNESS
STIFFNESS
STIFFNESS

INITIAL SPEED (RPS)
INCREMENT IN SPEED (RPS)
SPEED (RPS)

IN
IN
IN
IN

< << > X

DIRECTIDN (LB/IN)
DIRECTION (LB/IN)
DIRECTION (LB/IN)
DIRECTIONCLB/IN)

IN X DIRECTION(LB+SEC/IN)

C2X= 2ND BRG DAMPING COEFF IN X DIRECTION (LBeSEC/IN)
3.C1Y=1ST BRG DAMPING CUEFF IN Y DIRECTION (LB.SEC/IN)
2ND BRG DAMPING COEFF IN Y DIRECTION (LB.SEC/IN)

ca2y~=

D1IxX=
DeXx=~
D1yY~-
pay=

RiX~
R2X=
Riy=~

CROSS
CROSS
CROSS
CRUSS

CROSS
CROSS
CROSS

COUPLING
COUPLING
COUPLING
COUPLING

COUPLING
COUPLING
COUPLING

DAMPING COEFF
DAMPING COEFF
DAMPING CDEFF
DAMPING COEFF

STIFFNESS
STIFFNESS
STIFFNESS

(LBeSEC/IN)
(LBeSEC/IN)
(LBsSEC/IN)
(LB+SEC/IN)

(LB/IN)
(LB/IN)
(LB/IN) .

4, R2Y=~ CROSS COUPLING STIFFNESS (LB/IN)

IT MUST
THIS

THIS IS AN QPTION CARD AND MAY BE OMITTEDe. IF PRESENTs
CONTAIN THE STRING, T™POLY"» AS THE FIRST FIELD ON THE CARD.
WILL CAUSE THE COFEFICIENTS DF THE OETERMINANT POLYNOMIAL TO
BE PRINTED.

IF PRESENT THEN THE
THIS

THIS IS AN OPTION CARD AND MAY BE OMITTED.
STRING» "MODE"™, SHOULD BE THE FIRST FIELD ON THE CARD.
WILL CAUSE THE MODE SHAPE VECTOURS 70 BE PRINTED.

TO ROTSTAB;
MODE " (2,15);

IS THE ENO OF THE COMMENT
FILE SECNDRY 18 "* PQLY " "
FILE PRIMARY 18 "PRIMARY™ " QUTPUT™ (2,15);
FORMAT FMTSPD ("==== SPEED = ",I5s," RPS )
FMTPOLY ("THE CQOEFFICIENTS OF THE DETERMINANT POLYNOMIAL "»
"( IN ASCENDING ODRDER ) AREsS"//9E13.5/7)>»

FMTROOT ("THERE ARE ",I1»"™ CHARACTERISTIC RUQTS:

ommett

NITH REAL "»



"AND IMAGINARY PARTS AS FOLLOWS:I®//
"REAL ", xE14.,5/"IMAG ", xE14,5//)»

FMTWHRL ("THE WHIRL RATIOS AREI1™/),

FMTFREQ ("THE NATURAL FREQUENCIES ¢ IN CPS ) AREw//
X8s8E14.5//)>»

FMTMODE ("THE MODE SHAPE VECTORS ARE AS FOLLOWS:™//)»

FM2 (X24 )Memracacnnacn MODE "sI1»" ( NATURAL FREQUENCY = %,
E13.5," CPS ) el Ll L L
2("VECTNR OF "»A4," PARTS ewwm== ",4E1849/7))s

PLYECHD ("THE COEFFIEIENTS OF THE DETERMINANT POLYNOMIAL T,
"WILL BE GIVEN.")»

MODECHD (*THE MODE SHAPE VECTORS WILL BE GIVEN.")»

FMTODD (X60,"0DD URDER POLYNOMIAL"//)»

ERRFMT (60(Cw* ")/

"GETRANSIENTSOLUTION WAS UNSUCESSFUL IN DOING ITS "»
"WORKe THE HANGUP OCCURED WHILE COMPUTING VECTOR ",
"NUMBER ", I1,""//60(" x%)),

FMTECHO (3C(X16,A3,E11445"INCH")//X16,"N=",E11,4,".B",

2(X16sA3,E11.4»"LB=IN=SEC2™)//
X3 » "KIX=" , E11.4 » "LB/IN™ » X10 , "K2X=" , El11.4 »"LB/IN" » X10 »
"Kly=" , E11,4 , "LB/IN™ , X10 » "K2Y=" , El11e4 » "LB/IN" , / »
X3 » "CI1IX=" , E1144 5 "LBSEC/IN" » X6 , "(C2X=" », E11.4 » "LB.SEC/IN" »
X6 » WC1Y=" , E11.4 » "LBSEC/IN™ »X6 » "C2Y=" , E11.4 s"LB.,SEC/INY ,/,
X3 »"R1X=" , E11.4 , "LB/IN™ » X10 » "™R2X=" , E11.,4 » "LB/IN"™ » X10 »
"R1iy=" , E11,4 , "LB/IN" , X10 ,"R2Y=" , Ell1.4 , "LB/IN™ o / »
X3 » "DIX=" , E1144 s "LBSEC/IN™ » X6 , "DP2X=" » E11,4 » "LB.SEC/IN"™ »
X6 » "D1Y=" , E1l.4 , "LB.SEC/IN" », X6 , "D2Y=" , E11,4 » " _B«.SEC/IN",/
2(2(59("*"))»/))
ALLWHRL (X8,8E14,5);
SWITCH FORMAT SWITFMTe
(X602 "UNSTABLE",»X102"RR = ",E13,5," ROW = ",12//)»
(X62s"STABLE",A1//)3
REAL GsPIsW,MsDM1sWM1>DM2, WM2,RPPs IP,RTT»ITsLsL11sL1sL22,L2,W0,

DWsWMIKIXsK2XsK1Y»K2YsCLlXsC2XsC1Y»C2Y5»D1XsD2XsD1YsD2Y»R1X>»

R2XsR1YsR2Y»STRINGPRADsKIXXsK2XXsK1YYsK2YYsC1XXsC2XXsRT»RP»

ClYYs»C2YYSRIXXsR2XXs>R1IYYS»R2YY»DIXXsD2XXsD1YYsD2YYsPI2,R»S,HEPSS

INTEGER I»JsKsUDI,ROWS REAL RR;
ARRAY A»Bs»CrARAI»BR»BILO014,024)CMTX, ICMTX[02:85028]>

MUVEKsNUVEKIO:9],»WHRARY[O38314),T0[1:31);

BOOLEAN EOFBOOLsMNDE,POLYs WHRLBOL»ROUTH»ORDERS
LABEL ALAB,BLAB,PROCESSsEOF,EXIT,SLP3
LIST LSTALL (FOR TIe¢1 STEP 1 UNTIL M DO NUVEKLIJI/S)»

LSTMODE (KsNUVEKIKI/PI2,"REAL",FOR I€¢1 STEP 1 UNTIL 4 DO
CMTXIKsT1,"IMAG"HSFOR Ie€l STEP 1 UNTIL 4 DO ICMTXIKsI1)»s

LSTFREQ (FUOR I€1 STEP 1 UNTIL M DO NUVEKCI)/PI2)»

LSTROOT (M»M»FNR I€¢1 STEP 1 UNTIL M DO MUVEKCI»

M,FOR T€¢1 STEP 1 UNTIL M DO NUVEK(I1),

LSO (RR>ROW)» LSt (" ")»

LSTECHD (ML ="l »"L1=",L1," 2=, 2,Ws"IP=",[P,"][T=w",IT,
K1XsK2XsK1Y»sK2Y»C1XsC2XsC1YsC2YsRIXsR2X»>R1Y»R2Y>»
D1XsD2X»D1Y»D2Y)J

SWITCH LIST SWITLST € LSO » LSi}

STREAM PROCEDURE BLANK(BASE,SKI );

VALUE SKI 3

BEGIN DIeBASES SXI (DIe«DI+14)5 DSel1s4 LIT "™ Y3 ENDS
PROCEDURE ROUTHHC(R, N » A » RR » STABLE , ROW )
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COMMENT N=0RDER OF THE POLYNOMIAL. ».
THE COEFFICIENTS OF THE POLYNOMIAL ALI] ARE READ IN DESCENDING

POWERS OF LAMDA.
ALO] CORRESPONDS TO THE HIGHEST POWER OF LAMDA3

VALUE N }
REAL ARRAY A[Q) »R[0-,01;
REAL RR @

INTEGER N » ROW 3
BODLEAN STABLE

BEGIN
INTEGER I » J » K 7
LABEL FIN ACN+1]1 « 03

FOR KeO STEP 1 UNTII M DO
IF ACK]S0 THEN
BEGIN
STABLE«FALSE 3
ROW ¢ K 3
RR € A[LK] 3
GD TO FIN 3
END
ELSE
FOR 1«0 » 1 DU
FOR J ¢0 STEP 1 UNTIL N/2 DD
RCI»Jle AL2x J + 1 1 3
FOR Te 2 STEP 1 UNTIL N=1_DO0O
FOR Je0 STEP 1 UNTIL N/2=1 DO
BEGIN
RCIsJle¢ R[I=2,J+1] = RUI~2,01 % R[I=1,J+1])/RLI=1,0] 3
IF RI[J«0)<D THEN
BEGIN
STABLE ¢ FALSE 3
ROWel 3
RRe¢ RI[I,01] 3
GO TO FIN?
END 3
END;
STABLE« TRUE 3
FIN3 END OF PROCEDURE ROUTH 3}
PROCEDURF TTIMEANDATE(TZERO,FYLE,DPTION)S
VALUE OPTION3 REAL OPTION? INTEGER ARRAY TZERU[*J}_FILE FYLE;
COMMENT THIS IS A UTILITY PROCEDURE WRITTEM RY R. TOMLIN»
RLES« THE ACTION OF THE PROCEDURE DEPENDS ON THE
RIGHTMQST 39 BITS OF THE PARAMETER OPTION. FOR
CONVENIENCE, THIS 39 BIT PACKAGE WILL BE IDENTIFIED
WITH THE STRING "NFFFDDD™., HERE N IS THE OCTAL-DIGI
CONSISTING OF THE 3 LEFTMOST BITS OF THE PACKAGE»
AND FFFDDD IS THE COLLECTION OF 6 CHARACTERS DEFINED
BY THE REMAINING 36 BITS. N IS CALLED THE IDENT=-
=IFICATION DIGITs AND FFF.» DDDs AND FFFDODD ARE CALLﬁD
THE FILE» DATE, AND COMPOSITE QPTIONS, RESPECTIVELY.
INITJALLY, "FFFDDD"™ TS COMPARED WITH THE STRING»
"CENTER™. IF THEY ARE EQUAL, THEN A CHECK IS MADE ON
THE VALUE OF N, IF N=0, THEN FYLE IS ASSUMED T0 BE
A LINE PRINTER FILE. THE PRINTER IS DOUBLE SPACED AND
THE DATE IS WRITTEN OUT» CENTERED NN THE LINE, WITH
CARRIAGE CONTROL (DBLJ, IF N DQES NOT EQUAL ZERD»
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THEN FYLE IS TAKEN TO BE AN ALPHA TAPE FILEs, AND THE
RLESMPT EQUIVALENT OF DOUBLE=SPACEs CENTERED=DATE» DOUBLE
SPACE IS WRITTEN ON TAPE. IN EITHER CASE, THE PROCEDURE
IS THEN EXITED,

IF "FFFDDD" DOES NOT EQUAL "CENTER™, THEN "FFF®" IS
COMPARED WITH »MPT"™. IF "FFF"™ AND "MPT"™ DO NOT AGREE, THE
PROCEDURE ASSUMES THAT FYLE IS A LINE PRINTER FILE., FIRST
THE PRINTER IS DOUBLE SPACEDs» AND THEN A LINE IS WRITTEN
WHICH CONTAINS THE DATEs» PLACED NEAR THE LEFT MARGIN. THE
CARRIAGE CONTROL FUR THIS LINE IS [NOJ, AND THE FIRST
CHARACTER OF THE LINE IS DETERMINED BY Ne IF N=0s» THEN
THE FIRST CHARACTER IS A BLANK, DOTHERWISE IT IS THE
DIGIT» No. NEXT, "ODD"™ IS COMPARED WITH "DAT". IF THEY
AGREE» THE PRINTER IS DOUBLE SPACED AND THE PROCEDURE IS
EXITED. IF "DDD"™ DIFFERS FROM ®"DAT"s THEN IT 1S ASSUMED
THAT THE FIRST THREE ENTRIES OF TZERD HAVE BEEN INITIAL=-
I1ZED WITH READINGS FROM THE ELAPSED, PROCESSORs, AND I/D
CLOCKS., THE REMAINDER OF THE LINE JUST WRITTEN IS THEN
FILLED OUT (USING CARRIAGE CONTROL [DBLI) WITH THE
AMOUNTS OF ELAPSED» PROCESSQORs AND I/0 TIME WHICH HAVE
PASSED SINCE THAT INITIALIZING, THE PROCEDURE IS
THEN EXITED,

IF "FFF"="MPT", THEN FYLE IS ASSUMED TO BE AN
ALPHA TAPE FTILE, THE REMAINING ACTION IS IDENTICAL TO
THAT ABUVE EXCEPT THAT RLESMPT RECORDS WILL BE WRITTEN
ON TAPEs INSTEAD OF LINE IMAGES BEING WRITTEN ON THE
LINE PRINTERS

BEGIN STREAM PROCEDURE SEPARATEYYDDDCYYDDD»YY»DDD)3
BEGIN DI«yYDDD3 DS€3 LIT"019™3 DIeYY; SLeYYDDD}
ST€SI+1? DSe4 OCT3 D1leDDD; DSe3 OCT
END OF SEPARATEYYDDD PROCEDURE:;
STREAM PROCENURE TRANSFER(VEKIN,VEKOUT);
BEGIN SI€VEKIN; DI€VEKOUTS DS¢3 WDS END;
ALPHA ALF;
INTEGER MNTHNMBR»DAYNMBRSEXCESS,TYMZERO» YEARS
DAYOFMNTH, TUMNOsK,» Jj
INTEGER ARRAY TNAUT,DELTAL1:3],DAYCOUNTCO:111],»
MNTHNAMELO$23]3
FORMAT FMO (A1,A8,A55,13,"s",1I5,", "),
FM1 (OsA1sA8,A5,13,",m,I5,", "),
FM2 (X22,"TOTAL ELAPSED TIME IS"™»I6,"™ SECONDS"™,
", PROCESSOR TIME IS"™,16," SECONDS., ™»
"1/0 TIME IS",16,% SECONDS.")»

FM3 (D,X22,"TOTAL ELAPSED TIME IS",I6," SECONDS"™,
v, PROCESSOR TIME IS",I6s," SECONDS. "»
"1/0 TIME IS"»16,m" SECQONDS."™)»

FMCNTREL (X502A55A5513,"s",15,"4")>»

FMCNTREZ2 (C02X50sA55A55s135"5s",1I5,"."),

FMSTAR (0)3
FILL MNTHNAMEL*] WITH * JATS"NUARY",

" FEB","RUARY™," WaMMARCH", "™ ", APRIL™,
" war MAYY,W "y JUNEW, Y m,n JULY"s
" A", PUGUST™s" SEPT","EMBER",™ 0C","TOBER™»

" NOV","EMBER"»" DECY"»,"EMBER"S
TRANSFERCTZERD, TNAUT)} Ke¢O;
FOR J€31,28,31,305,31530,31531530,31,30,31 00
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BEGIN DAYCOUNTIKIeJ3 Ke¢K+1 END;
TYMZERD€TIMECOQ);
SEPARATEYYDDND(TYMZERD2YEAR,DAYNMBR);
IF YEAR MOD 4 =0 THEN DAYCOUNT[11e¢295
EXCESSeDAYNMRRS MNTHNMBRe=13
FUR KeMNTHNMRR WHILE EXCESS>0 DO
BEGIN EXCESS¢EXCESS=DAYCUUNTIK+11;
MNTHNMBReMNTHNMBR+1
END; TUMNQ€2XMNTHNMBR S
DAYOFMNTHeEXCESS+DAYCOUNTIEMNTHNMBR] S
ALFe(IF OPTION.[$231=0 THEN " " ELSE OPTION.[9231)3
IF DPTIUN,[12:361="CENTER"™ THEN
BEGIN IF OPTION.[9:31=0 THEN
BEGIN WRITECFYLELDBLI);
WRITECFYLE(DBLIsFMCNTRE1,MNTHNAMELTUMNO],
MNTHNAMELTUMNO+11,DAYOFMNTH,YEAR)
END
ELSE
BEGIN WRITECFYLE»FMSTAR»2);5
WRITECFYLE»FMCNTRE22,2s MNTHNAMELTUMND]»
MNTHNAMELTUMNO+1J,DAYOFMNTH, YEAR)
END
END OF CENTER QPTIONS
ELSE
IF OPTION,(12218)#"MPT" THEN
BEGIN WRITECFYLEL[DBL1)}
WRITECFYLEINQ}sFMO»ALF,MNTHNAMELTUMND]»
MNTHNAMELTUMNO+1]1,DAYOFMNTH,YEAR) S
IF OPTION,[30:18]1="DAT"™ THEN WRITE(CFYLELDBLI)
ELSE
BEGIN FOR J¢1»25,3 DO DELTACLJI€(TIMECJI=TNAUTLJ]I/ 60}
WRITE(CFYLEC(DBL1»FM2,DELTAL11,DELTALZ2],DELTAL3])
END
END OF PRINTER OPTIONS
ELSE
BEGIN WRITE(CFYLESsFMSTAR»2)3
WRITECFYLEsFM120sALF»MNTHNAMELTUMND ]I »
MNTHNAMELTUMNO+11,DAYOFMNTH, YEAR) S
IF OPTINN.L302:18)="DAT" THEN WRITEC(FYLE,FMSTAR,»2)
ELSE
BEGIN FOR J¢1,2,3 DU DELTALJI€CTIMECUI=TNAUTLUII/60;
WRITECFYLEsFM3»,2,DELTAL1),DELTAL2]),DELTAL3])
END -
END OF RLESMPT OPTIONS

END OF TIMEANDATE PROCEDURES

PROCEDURE MLTPLYREALPOLY(MsN»A,B,C);

VALUE MsN3 INTEGER Ms»N3 ARRAY A,B,C[0];

BEGIN COMMENT THIS PROCEDURE ASSUMES THAT THE
VECTORS A AND B CONTAIN THE COEFFICIENTS OF
POLYNOMIALS OF ORDER M AND GRDER N, RESPECTIVELY.
SPFCIFICALLY, THE CUEFFICIENTS OF THE KTH POWER
OF THE POLYNOMIAL VARIABLE ARE STORED IN ALK]
AND BL[K]» RESPECTIVELY,

MLTPLYREALPOLY COMPUTES THE COEFFICIENTS

OF THE POLYNOMIAL WHICH IS THE PRODUCT OF THE
GIVEN TwO» ANU STORES THEM INTD THE VECTORs C.



AS WITH A AND Bs THE COEFFICIENT OF THE KTH
POWER IS STORED INTO CEKJe.
THE ARITHMETIC IS SO ARRANGED THAT IF A
COMTAINS THE COEFFICIENTS OF THE POLYNOMIAL
OF LESSER DEGREE, THEN THE MOST EFFICIENT
CONFIGURATION HAS BEEN REALIZED;
REAL AP3 INTEGER KsPsQ3 PeM+N}
FOR K¢0 STEP 1 UNTIL P DO CLK1e¢0;
FOQR P«0 STEP 1 UNTIL M DO
BEGIN AP¢A{(P13
FOR Q€0 STEP 1 UNTIL N DO
CLKe(P+Q)I¢BL[QRIXAP+C[K])
END OF THE LOOP ON P
END OF THE MLTPLYREALPOLY PROCEDURES
PROCEDURE GETDETPOLY(NsA»BsC»rD);
VALUE N? INTEGER N’ ARRAY AsBsC(0,012D[015
BEGIN COMMENT CONSIDER THE NxN MATRIX» Gs» DEFINED BY
GET,J1=AlT,J1xT*24BLI,JIxT+CLIsJle IT Is CLEAR
THAT THE DETERMINANT OF G IS A POLYNOMIAL OF
DEGRFE 2N IN THE PARAMETERsT.
GETOETPOLY COMPUTES THE COEFFICIENTS OF THIS
POLYNDMIAL AND STORES THEM INTO THE VECTOR» D.
THE COEFFICIENT OF THE KTH POWER OF T IS
STORED INTO DIL[K1s, THIS FOR K=0s 1seser Z2%xN.
THE ENTRIES OF A, Bs» AND C WHICH HAVE
INDICES IN THE RANGE FROM ONE TO N ARE
ASSUMED TO CONTAIN THE REQUIRED QUANTITIES.
THOSE ENTRIES INVOLVING A ZERO INDEX ARE NOT
REFERENCED BY GLTDETPOLYS
INTEGER TNsNM1»TNM1,KM1,K,P»QsI»J5 LABEL EXIT3
ARRAY QUADCO0:21,DALTLO:2%xN],
OMIO022x(N=1))»AM,BM»CML[OIN=1,02N=11];
TNe2xN3 TNM1e2x(NM1eN=1)3
IF N=1 THEN
BFEGIN DIO1eC[1,113 Dl11eBL1,11;
0D[2leAl1,113 GO0 TO EXIT
END OF THE SPECIAL CASE WHEN N EQUALS ONE3
FOR Ke0O STEP 1 UNTIL TN DD D(K1€03;
FOR Ke1 STEP 1 UNTIL N DO
IF A[K,131+#0 OR BfK»11#0 OR C[K»11#0 THEN
BEGIN KMieK=13;
FOR Iel STEP 1 UNTIL KM1 DO
FOR Je¢2 STEP 1 UNTIL N DO
BEGIN AM[I»Qe(J"1))€A[I,J]5
BMLI»QleBLI»J)3 CMLI»Q)eCLInJ]
END OF THE LOOP ON J3
FOR TeK+1l STEP 1 UNTIL N DO
BEGIN Pel=13 FOR Je2 STEP 1 UNTIL N DO
BEGIN AM[P,Qe(J=1)]1¢A[I»J]s3
BMIP»Q1eBLI,J13 CMIP,QleClI,J]
END OF THE LOOP ON J
END DOF THE LOOP ON I3
DMLEOJeCMI15113 OM[11eBM[15113 DM[2]1¢AM[1,113
IF N>2 THEN GETDETPOLY(NM1,AMsBMsCMsDM);
IF BOOLEANCK) THEN
BEGIN QUADLOleCIK,11;



QUADI1JeBILK,113 QUAD[2]€AlK,1]
END 0OF EVEN PARITY CASE
ELSE
BEGIN QUADLOQle=C[K»11;
QUADC1le=BIK,1]3 QUADI2]¢=A[K,1)
END 0OF 0ODD PARITY CASE3;
MLTPLYREALPOLY(2sTNM1,QUADsDOM»DALT);
FOR Ie€0 STEP 1 UNTIL TN DO DCIJe€DALTLIII+DII]
END OF THE LOOP ON K3j
EXIT?
END OF THE GETDETPOLY PRUCEDURES
REAL PROCEDURE INRPROD(Ns»A»B)3
VALUE N3 INTEGER N3 ARRAY A,B(O01];
BEGIN COMMENT THIS PRDCEDURE COMPUTES THE
INNER PRODUCT OF A AND B AND STORES IT
INTO THE IDENTIFIERs INRPROD.
A*AND B ARE ASSUMED TO HAVE INDICES
IN THE RANGE O TO N. A[O] AND B[(O] ARE
NOT REFERENCED BY THIS PROCEDURES
INTEGFR K3 REAL T3 Te¢03
FOR Kel STEP 1 UNTIL N DO TeA(CKIxBIK]I+T?
INRPRODeT
END QOF THE INRPRUD PROCEDURES
REAL PRUCEDURE MDDUFINRPRUD(N»A»IA»B»IB)}
VALUE N3 INTEGER N’ ARRAY A,IA,B,IB(0O];
BEGIN COMMENT THE MODULUS DF THE INNER PRDDUCT OF
THE COMPLEX VECTORS S AND T IS COMPUTED AND
STORED INTO MODOFINRPROD., FURTHER, THE REAL

AND IMAGINARY PARTS DOF <S,T>, ITSELF, ARE STORED

INTO ALO1 AND IALQ)» RESPECTIVELY.
S ANUD T ARE ASSUMED TO HAVE N ENTRIES,
BEGINNING AT INDEX VALUE ONE, THE REAL AND
IMAGINARY PARTS DF S ARE, RESPECTIVELY» A AND
Ia. THOSE OF T ARE 8 AND 1B, RESPECTIVELYS
INTEGER K3 REAL RE»>IMj; REe€IMeO}
FOR Ke¢i STEP 1 UNTIL N DO
BEGIN RE€A[KIxXBIKI+IALKIXIBIKI+RES
IMEeTALKIXBIK]I=IBIKIXALK]I+IM
END OF THE SUMMATION LOOP}
MODOFINRPROD€SQRTCCALQOJEREI*2+(IA[0]€IMI*2)
END OF THE MODOFINRPROD PROCEDURES
REAL PROCEDURE MODSQOFINRPROD(NsA,IA,B,IB)3
VALUE N7 INTEGER N’ ARRAY A,IA,B,IB(01];

BEGIN COMMENT THE MODULUS SQUARED OF THE INNER PRODUCT OF

THE COMPLEX VECTORS § AND T [S COMPUTED AND
STORED INTO MODSQQFINRPROD. FURTHER, THE REAL

AND IMAGINARY PARTS OF <S,T>, ITSELF», ARE STORED

INTO ALO] AND ITA[O)» RESPECTIVELY.
S AND T ARE ASSUMED TO HAVE N ENTRIES,
BEGINNING AT INDEX VALUE ONE. THE REAL AND
IMAGINARY PARTS OF S ARE, RESPECTIVELYs A AND
IA., THOSE OF T ARE B AND IB, RESPECTIVELYS
INTEGER K3 REAL RE,IM3 RE€IMeOs;
FOR Ke€1 STEP 1 UNTIL N DO
BEGIN RE€A[KIXBLKI+IAIKIXIBIK]+RE}
IMeTATKIXBIKI=IBIKIXALKI+IM
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END GF THE SUMMATION LQOP;
MODSQOFINRPRODE® (ACO)€RE)*2+(IALO0]«IM)*2
END OF THE MODSQOFINRPROD PROCEDURE)
REAL PROCEDURE CMPLXINVERSE(N»A,IA);
VALUE N3 INTEGER N3 ARRAY A, IA[0,01}
COMMENT THIS Is A MODIFICATION OF RODMANS PROCEDURE FOR
INVERTING A COMPLEX MATRIX» S. THE MATRIX» S» IS
ASSUMED TO BE OF ORDER N» AND TD HAVE IJ=TH ENTRIES
WHOSE REAL AND IMAGINARY PARTS ARE ALI»J]l AND JALI,J1»
RESPECTIVELY. THE PRUCEDURE 1S EXITED WITH THE MODULUS
OF THE DETERMINANT OF S STOREDL INTU CMPLXINVERSE?
COMMENT THIS PRDCEDURE INVERTS A MATRIX 0OF COMPLEX ELEMENTS,
SEE CORRESPONDING TECHNICAL BULLETIN FOR DETAILS ON USE
OF THE PROCEDURE.

ReD. RODMAN
(PROFESSIONAL SERVICES DIVISIONAL GROUP),

CARD SEQUENCE BEGINS WITH CINVOOO1,
FIRST RELEASE 4/1/63

BEGIN
INTEGER I, Z» K» Ly K2s» Js Vs Y, W 3
REAL BIGs T» EPS, TEMP, DIAG, IT 3
ARRAY Q1[{0%1,02:N1s Q2[0:1,0:N)
INTEGER ARRAY FLO:N] ; LABEL EXIT3:
PROCEDURE CIPCA, B» N) 3
VALUE N 3
INTEGER N 3
ARRAY A, BLO0O»0] ;

BEGIN
REAL Q@ IQ 3
INTEGER I

Q € IQ ¢« 0

FOR I ¢ 1 STEP 1 UNTIL N DO
BEGIN
Q@ € A[{0,11 x BLO»I) = AL1,11 x BL1,I1 + Q@ 3
10 € A{1,11 x BLOs,I) + A[O,I] x B{1,1) + 1@
END 3
ALO,»0] € @ 3 A[1,01 € 1@
END 3

FOR I e 1 STEP 1 UNTIL N OO
BEGIN
L € I=-1 3

FUR K ¢ 1 STEP 1 UNTIL Z DO
BEGIN

QLL0s,K] & A[IK»I) 53 QI[1,K1 ¢ IALK»I]
END 3

FOR K « I STEP 1 UNTIL N DO
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BEGIN

FOR L ¢ 1 STEP 1 UNTIL Z DD
BEGIN

Q200sL]) € ACK,LY 3 Q2[1sL] € TALK,L]
END 3 )

CIP(Q1, Q2s Z)

ACKs»I] € AfKsIJ] = Q100501 3 TIALK»I1 € IACK»I] = Q101501
END 3

BIg ¢ 0 35 K2 ¢ 1 ;

FOR K ¢« I STEP 1 UNTIL N DO
BEGIN
T o A[K,T1%2 + IA[K»,11%2 ;
IF T > BIG THEN
BEGIN
BiG ¢« T 3 K2 € K
END
END 3
{F BIG=0 THEN BEGIN CMPLXINVERSE<«0; GO TO EXIT END;
FLTI1 ¢ K2 3
IF K2 # I THEN FUR K € 1 STEP 1 UNTIL N DO
BEGIN
TEMP ¢ ATI,K) 3 All»
TEMP ¢ TA[I,K] 3 IAL
END
DIAG o 1/(CALI,I)*2 + IA[I,11%2)

€ ALK2,K] ALK2,K] € TEMP 3
]l ¢

;
K IALK2,K]1 3 IA[K2,K] ¢ TEMP

FUR K ¢ 1 STEP 1 UNTIL Z DO
BEGIN
Q1L0,K]) ¢ ALL,K] 3 Qil1sK1 ¢ IALI,K]

END

FOR K « I+1 STEP 1 UNTIL N DO
BEGIN

FUR L € 1 STEP 1 UNTIL Z DO
BEGIN
Q2[0,L) € A{L,K] 3 9201,L] o TA[LL,K1}
END 3
Clep(Qts Q2 Z) +#
T ¢ ALI,K]) = Q1[0,01 IT € TA[LI»K] = Q1(1,01] 3
ALIs»K] €(TxALIsI) + ITxIACI,I1) x DIAG 3
IACI»K] € (ITxALI»I) = TxIA[I,I1) x DIAG
END
END 3
Tels FOR Kel STEP 1 UNTIL N D0 Te(ALK»KI*2+IA(KsK1I%2)XxT3
CMPLXINVERSE€SQRT(T)?

FOR I « 1 STEP 1 UNTIL N DO

BEGIN
DIAG ¢ 1/CALI,I11%2 + TA[I»11%2) ; Z ¢« I=1 3}
FOR J ¢« 1 STEP 1 UNTIL I DD

BEGIN
IF 1 # J THEN



BEGIN

FUR K « J STEP 1 UNTIL Z 00
BEGIN _
QIT0,K=J+1) ¢ ALK»J] 3 Q1[1,K=J+1] ¢ TACK,J] 3
Q270sK=J+1] « ALIsK] 3 Q2[1sK=J+1] € IA[IsK]
END 3
CIP(Q1s Q2, I=J) 3

ALI»J]l ¢ (=Q100,0)xAL1,1] = Q1{1,0)xIACI,I3) x DIAG 3

IACI»J) ¢ (Q1L050ixIALI,I)= Q101,01%xACI»1J) xDIAG

END
ELSE
BEGIN
ALI»I) € A[I,1I1 X DIAG ;
IATI»1Y « =TACI»I] x DIAG
END
END
END 2
V € N=1 3
FOR I ¢ Vv STEP =1 UNTIL 1 DO
BEGIN
Z ¢ I+1 3}
FOR J € N STEP =1 UNTIL Z DO
BEGIN

Y € J=1 3

FOR K « T+1 STEP 1 UNTIL Y DO
BEGIN
Ql[O0sWeK=1] € ALK»J] 7 QlL1,W] € TA[KsJd] 3
Q2[0sW]) € ALILK] W2C1>W] ¢ TALI»K]
END 3
CIP(Q1s, A2, Y=I1) 5
AlIs»J} ¢ =ALLI,J) = Q100,01 ;
IA[TIsd] ¢ =TA[LI»Jd] = Q101»0]
END
END 3

FOR I « 1 STEP 1 UNTIL Vv Do
BEGIN

FOR J ¢ 1 STEP 1 UNTIL N DD
BEGIN

IF I 2 U THEN
BEGIN

FUR K € T+1 STEP 1 UNTIL N DO
BEGIN
Qi1f0»K=1I1 € ALI»K] 5 Q1ll,K~J] € IA[LI»,K] 3
Q2F0sK=11 € ALK»J) 3 Q2[1,K=1]1 ¢ TACK,»J]
END 3
CIP(Q1, Q2, N=I) 3
AlT»J] € ALI»J] + Q@1L0,0] 3
IATI»J) ¢ TALI»J) + Q101,0)
END
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ELSE
BEGIN

FOR K ¢ J STEP 1 UNTIL N DO
BEGIN
QI[OsWeKmJ+1] € ALK»J] 3 QI[1,W] € TACK,J]
Q2[0sW] « ALI-K] 53 Q2[1sW]) ¢ IALI»K]
END ;
CIP(Q1, 02, N=J+1)
AlI»J) € 01[0,0) 3 IA[I»J) ¢ Q1l1,0]

END
END
END
FOR J « N STEP =1 UNTIL 1 DO
BEGIN
IF FEJl # J THEN
BEGIN

K2 « FLJ] 3

FOR K € 1 STEP 1 UNTIL N DD
BEGIN
TEMP ¢ AlK,K2] 3 A[KsK2] € ALK»J] 7 ALK»J] € TEMP 3
TEMP ¢ IA[K,K2] 7 IALK,K2] € TALK,J] 3 IA[KsJ] € TEMP
END
END
ELSE
END3
EXIT:
END3
PROCEDURE FINDPOLYORDERANDNORMALIZE(N:, AR, Al» P);
VALUE N3 INTFGER N»P3 ARRAY AR,AI[O1];
BEGIN COMMENT A POLYNOMIAL OF DEGREE LESS THAN OR
EQUAL TO N» WHOSE K=TH POWER COEFFICIENT HAS
REAL AND IMAGINARY PARTS ARCK] AND AILK], FOR
K = 0s eos2 N» WILL BE EXAMINED BY THIS PROCEDURE.
THE COEFFICIENTS wILL BE ADJUSTED TO MAKE
IT A MONIC POLYNOMIALs I1sEes THE COEFFICIENT
OF THE HIGHEST POWER WILL BECOME A QUANTITY
WITH MUDULUS UNITYs, AND THE TRUE ORDER (DEGREE)
OF THE POLYNOMIAL WILL BE INSERTED INTO P
INTEGER K3 REAL T;
FOR PeN STEP =1 WHILE (T€AR{PI*2+Al[(P1*2) = 0 DOJ
Te«SQRT(T);
FOR k€0 STEP 1 UNTIL P DO
BEGIN AR[K]I€ARIK]/T; AI[KI«AI[KI/T END
END OF THE FINDPOLYORDERANDNORMALIZE PROCEDURES
PROCEDURE SCALECOEFFICIENTS(P» ARs AI, SCALE)? VALUE P3
INTEGER P3 ARRAY ARs» AI[LO33 REAL SCALES
BEGIN CUMMENT GIVEN HERE IS A POLYNOMIAL IN THE VARIABLE
Z WHOSE COEFFICIENT FOR THE K=TH POWER OF Z HAS REAL
AND IMAGINARY PARTS AR[K] AND AILK]s FOR K= 0, eees P.
THIS PROCEDURE SCALES THE CDEFFICIENTS OF THE
POLYNOMIAL, DEFINING IN THE PROCESS A NEW POLYNOMIAL
IN THE VARIABLE ZPRIME, WHERE Z = SCALE x ZPRIME»
SUCH THAT THE COEFFICIENT OF THE LOWEST GRDER TERM
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IN THE POLYNOMIAL HAS MODULUS UNITY;
REAL As Rs I» T3 INTEGER K»Q; LABEL Lj KeO3
L AeARCKI*2+AI[KI*2)
IF A=0 THEN BEGIN Kek+1; GO TO L END3
SCALE€T€A*(1/(2X(P=K)))3 Qe€K;
FOR KeP~1 STEP =1 UNTIL Q@ DD
BEGIN ARIKI€ARLKI/T3 AICKI€AILKI/T;
TeTxSCALE
END
END OF THE SCALECQOEFFICIENTS PROCEDURES:
PROCEDURE GETPOLYZERDS(N» ARs» AI, EPSILON);
VALUE N, EPSILON; REAL EPSILON} INTEGER N5 ARRAY AR, AILO1}
COMMENT THIS PROCEDURE FINDS ZEROS OF A POLYNOMIAL
OF ORDER N. THE COEFFICIENT OF THE HIGHEST POWER OF
THE VARIABLE MUST BE UNITY, ON ENTRY» AR[KI] AND
AILK] FOR K=0, 1, = = =, N ARE THE REAL AND
IMAGINARY PARTS OF THE CUOEFFICIENTS OF ASCENDING
POWERS OF THFE VARIABLE. ON EXIT, AR AND AIf1l, see, NI
CONTAIN THE ZEROS. NEWTONS METHDD IS USED.
ITERATION CONTINUES UNTIL THE SQUARE OF THE FRACTIOQNAL
CHANGE IN THE ZERQ DOES NDT EXCEED EPSILONe AFTER THE
FIRST ZERQO IS FOUNDs» THE ORDER OF THE POLYNOMIAL IS
REDUCED By DIvVISIDN. ZEROS OBTAINED FROM THE REDUCED
POLYNUMIAL ARE IMPRUVED BY ITERATION WITH THE ORIGINAL
PULYNOMIAL., THEN THE ORDER OF THE REDUCED POLYNOMIAL
IS FURTHER REDUCED. 3
BEGIN REAL X» Ys FRy» FI» GRs, GI, Us V, W3 INTEGER K, P» Q3
ARRAY BR» BILCO:N]s CR» CIs RRs RI» MF[13:N]} REAL T3
LABEL AGAIN, GUESSZERO, ITERATE, REITERATE, EXIT;
BGOLEAN ONCE; INTEGER NDIV2; NDIV2eN DIV 2;
FOR Ke0 STEP 1 UNTIL NDIVZ2 DO
BEGIN T€AR[K1} ARILKI€ARIN=K]3 AR[{N=KleT’
TeAILKIS AICKI€AILN=K]3; AILN=KleT
END OF THE SWITCH AROUND LOOP ON THE INTEGER K3
NeN+13 FOR NeN=1 WHILE ARINI=O0 AND AIf{N]=0 DO 3
IF N=1 THEN BEGIN AR[1]€=AR[11; AI[1}¢=AI[113 GO TO EXIT ENDSJ
BR{O)e1.03 BI[0OJ€035 ONCE€FALSE;
AGAIN: FOR Ke1 STEP 1 UNTIL N DO
BEGIN BRIKI1€AR[K]; BICKI€AI[K] END3
PeN;
GUESSZERO: IF ONCE THEN BEGIN X€RR[PJ)5 Y€RI[LPJ] END
ELSE BEGIN X€l1=BR[115 Y¢«1=BI[11;
1F P=1 THEN
BEGIN Xe¢X=13 YeY=13 GO TO ITERATE
END
END3
QePs
FOR Ke1 STEP 1 UNTIL @ DO
BEGIN CRIK)eRR[K]I3 CICK1€BI[(K] ENDJ
ITERATE! FRe¢1; Fle03
FOR Ke¢1 STEP 1 UNTIL @ DO
BEGIN U€XxFR=YXFI+CRILK]3
VeXXFI+YxFR+CIIK1s
FReU? Flev
END3;
GRe¢Q3 GIe€0;
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FOR Ket1 STEP 1 UNTIL Q~1 DO
BEGIN U€XxGR=YxGl+(Q=K)XCR[K];
VeXxGI+YXGR+(Q=K)IXCI[K]’
GReU; GIeV
END3
U€FRXGR+FIxGI3 VEeFIXGR=FRXGIS W¢GR*2+GI*2;
IF W=0 THEN Wet;
UeU/Ws? VeV/WS WeUxU+VxV;
UeX=Uj3 VeY=V3 We2 0XN/(UXU-VXVEXXX+YXY) S
XeU3 YeVs
IF W>EPSILON THEN GO TO ITERATE?
REITERATE: IF Q#N THEN
BEGIN FOR Ke¢1 STEP t UNTIL N DO
BEGIN CRIK1€AR[K]1} CILKI1«AI[K] END;
QeN3 GO TO ITERATE
END?
RRIPI€X3 RI[PleY}? MF[PleFR*2+F1%2;
IF P#1 THEN
BEGIN Pep=13
FOR Kel STEP 1 UNTIL P DO
BEGIN BRIKI€BRIK]I+XXBRIK=11=YxBI[K~11;
BICKI€BILKI+XXBI{K=1]l+YXBR[K=1]
END;
GO TO GUESSZERD
END3
IF NOT ONCE THEN
BEGIN ONCE¢TRUES
FOR Ke1 STEP 1 UNTIL N DO
HEGIN U€RRI[K]S VEeRILK]; WeMFLKI1;
FOR QeK+1 STEP 1 UNTIL N DO
IF MELQ)>W THEN
BEGIN RRLKJI€RR[Q]5 RICKI€RIL[Q); MFLK)IeMFL[Q])}
RRIQIe€U; RILQIeV: MFL[QIewWs
U¢RRLK1]3 Ve€RI[K]3 WeMFIK]
END
END?’
GO TO AGAIN
END3
FOR Ke€1 STEP 1 UNTIL N DO
BEGIN ARIK1¢RR[K1; AILK]I€RI[K] END;
EXIT:
END OF PROCEDURE POLYZERODSS
PROCEDURE UNSCALETHEROOTS(P» ARs AIs SCALE)S VALUE Ps
INTEGER P3 ARRAY ARs AICO)3 REAL SCALES
BEGIN COMMENT THIS PROCEDURE IS USED IN CONJUNCTION
WITH THE SCALECOEFFICIENTS PROCEDURE. IT UNSCALES
THE ROOTS OF THE POLYNOMIAL WHICH WAS SCALED;
INTEGER K3
FOR Ke¢1 STEP 1 UNTIL P DO
BEGIN ARLIKI€AR[KIxSCALE; AILKI€AI[LKIxSCALE END
END OF THE UNSCALETHERQOQOTS PROCEDURES
PROCEDURE CMPLXLINTRAN(NsA»IAsX»IXsYs1IY)s
VALUE N3 INTEGER N; ARRAY X»IX»Y»IY[OQ0]sA,IA[O0,01;
BEGIN COMMENT THE INDEX UPPER BOUNDS FQOR A»
JAsX»IX»Y» AND IY ARE ASSUMED TO BE EQUAL
TO N THE ENTRTES OF THESE ARRAYS WHICH



CORRESPOND TO A ZERO INDEX ARE NOT
REFERENCED BY THIS PROCEDURE,

CUNSIDER THE CDMPLEX MATRIX» S, WHOSE
IJTH ENTRY HAS REAL AND IMAGINARY PARTS
ALI»Jl AND TATI,J]1, RESPECTIVELY» FOR IsJ
=1, ees» No FURTHERs, LET T AND U DENGTE
THE CUMPLEX VECTORS WHOSE KTH ENTRIES HAVE
REAL AND IMAGINARY PARTS X[KJ]», IXLK) AND
Y[K)» IY[K1» RESPECTIVELY, FOR

K=1» s0e) No ,

WHERE S IS REGARDED AS A LINEAR
TRANSFORMATION, THIS PROCEDURE COMPUTES
THE IMAGE OUF T UNDER S AND STORES IT
INTO U, IeEas» ST IS STORED INTO U3

INTEGER K

PROCEDURE DOMULT(NsA,IA,B,IB);

VALUE N3 INTEGER N3 ARRAY A,IA,B,IB(O01];
BEGIN COMMENT DOMULT IS DESIGNED TO DO

THE ROW=COLUMN MULTIPLICATIONS WHICH

ARE NEEDED IN CMPLXLINTRANS
INTEGER K3 REAL RE,IM; RE€IM¢0;

FOR Ke¢1 STEP 1 UNTIL N DO
BEGIN RE€ALK)IXBL(K]I~IALKIXIBL(K]+RE}
IMeALK]IXIBIKI+BIKIXIALK]I+IM
END3 ALOJ¢RE; ITA[Qle¢IM
END QF THE OOMULT PROCEDURES
FOR Ke¢1 STEP 1 UNTIL N DO
BEGIN DOMULT(Ns»XsIXsAlKs*)s»IALK,*1)}
YIKI€X[0)3 IYLK]€¢IX(O]
END NF THE LOOP ON K
END OF THE CMPLXLINTRAN PROCEDURE}
INTEGER PROCEDURE MOSTLD(NsA);
VALUE N3 INTEGER N3 ARRAY A[0,01;
BEGIN COMMENT A 1S ASSUMED TO HAVE INDEX UPPER
BROUND EQUAL TDO N» AND TO HAVE BEEN THE TARGET
MATRIX IN A CALL OF COSQBUILDER OR CMPLX=-
COSQBUILDER, THUS, THERE EXISTS AN ORDERED
COLLECTION OF N VECTORS WHOSE 7COSINE=~SQUARED"
MATRIX (SEE THE COMMENTS IN COSQBUILDER
AND CMPLXCOSQBUILDER ) IS A,

THIS PROCEDURE INSERTS INTO THE
IDENTIFIER», MOSTLD, TYHE NUMBER OF THE VECTOR
WHICH IS MOST LINEARLY DEPENDENT UPON ITS
NEIGHBOURS. THIS VECTOR IS DETERMINED BY
FIRST SCANNING THE ABOVE~DIAGONAL PORTION
gF A TGO FIND A PAIRs (I»dJd)s SUCH THAT A{I»dJdl
IS AS LARGE AS ANY ENTRY IN THIS PORTION,
THE VALUE OF THIS A[I,J] IS THEN STORED INTO
MAXAIJ.

FOR EACH PAIR (P»@) SUCH THAT AlP,Q)
EQUALS MAXAIJs THE NORMS OF ROW P AND ROW
Q@ OF A ARE COMPARED» AND THE LARGER NORM»
TOGETHER WITH ITS ASSOCIATED INDEX, IS
DISTINGUISHED. IN THE CASE OF EQUAL NORMS»
THE INDEX DISTINGUISHED WILL BE THE LARGER OF
P AND @« THIS BEING THE CASE, THE VECTOR
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WHICH IS ™MOST LINEARLY DEPENDENT®™ UPON ITS
NEIGHBOURS IS GOTTEN BY CONSIDERING THESE
PAIRS OF DISTINGUISHED NOURMS AND INDICES. THE
VECTOR CORRESPONDING TD THE LARGEST SUCH
NORM [S THE ONE CHOSENs, AND IN CASE OF A
TIE» THE CANDIDATE HAVING THE LARGEST INDEX IS
SELECTED. IT IS THIS INDEX» THENs, WHICH IS
STORED INTO THE IDENTIFIERs, MDSTLDS
INTEGER I»JsKsKMAX»INX3 REAL MAXAIJ»NORM,MAXNORMS
INTEGER PROCEDURE MAXINXCAsI»JsNsNORM)3
VALUE I,JsN; INTEGER I,J»N#s REAL NORM;s ARRAY AL[0,013
BEGIN COMMENT THIS PROCEDURE CONSIDERS THE
SUMS OF THE ENTRIES IN ROWS I AND
J OF THE MATRIX» A, THE
LARGER SUM IS STURED INTO NORM, AND
THE ASSOCIATED INDEX IS STORED INTO
MAXINX,
IN THE CASE OF A TIE., THE
LARGER QOF I AND J IS STORED INTO
THE IDENTIFIER, MAXINX;
INTEGER K3 REAL NRMI,NRMJS
NRMI€NRMJ€O0;
FOR K€l STEP 1 UNTIL N DO
BEGIN NRMI€A[I»KI+NRMI;
NRMU€ATL Js KI+NRMJ
END OF THE LOOP ON K35 NORMeNRMJ3
IF NRMI>NRMJ THEN
BEGIN WORMéNRMI; MAXINXeI END
ELSE
IF NRMI=NRMJ THEN
MAXINXe€(IF I>J THEN 1 ELSE J)
ELSE MAXINXeJ
ENND OF THE MAXINX PRUCEDURE;
MAXATJEeMAXNORMEKMAX €O
FOR Tel STEP 1 UNTIL N DO
FOR JelI+1 STEP 1 UNTIL N DO
IF MAXAIJSNORM€A[I»J] THEN MAXAIJENORMS
FOR Te1l STEP 1 UNTIL N DD
FOR Jel+1l STEP 1 UNTIL N 0O
IF A[I»J)=MAXAIJ THEN
BEGIN INXeMAXINXCA»I,JsNsNORM)S
IF NORM>MAXNORM THEN
REGIN MAXNORMEeNORM; KMAX€INX END
ELSE
IF NORM=MAXNORM AND INX>KMAX THEN
KMAX€INX
END OF THE MAIN SCANNING PROCESSS
MOSTLDe€KMAX
END OF THE MQOSTLD PROCEDURE;
PROCEDURE CMPLXCOSQBUILDER(N,A»B»C»ROWCOL);
VALUE N,ROWCOLS INTEGER N3 REAL ROWCOLS ARRAY AsB»CL[0,013
BEGIN COMMENT Ay 8» AND C ARE ASSUMED TQ HAVE
INDEX UPPER BOUND EQUAL TO N. IT IS
OF INTEREST TODO CONSIDER THE COMPLEX
MATRIXs S» WHOSE IJTH ENTRY HAS REAL
AND IMAGINARY PARTS AlLI,J) AND BL[I»yul»
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RESPECTIVELY, FOR IsJ=1s sees Ne S IS
REGARDED AS INPUT TO THIS PROCEDURE,
IF ROWCOL="ROWS®", THEN EACH ROW OF S
WILL BE REGARDED AS A COMPLEX VECTOR WITH
N ENTRIES., OTHERWISE» THE COLUMNS QF S
WILL BE SO REGARDED. IN EITHER CASE», AN
ORDERED SET OF N COMPLEX VECTORS HAS
BEEN DISTINGUISHED.
FOR IsJ=1s eees» N THE PROCEDURE STORES
INTO C{1IsJ] THE "COSINE"™ pF THE ANGLE
BETWEEN THE ITH AND JTH VECTORS IN THE
DISTINGUISHED SET. HERE THE MODULUS OF
THE INNER PRODUCT OF TWD VECTORS IS TAKEN
TO BE EQUAL TO THE PRODUCT OF THE NORMS
OF THE TWO TIMES THE COSINE OF THE
ANGLE BETHWEEN THEM; :
INTEGER I»J»IM15 BOOLEAN ANYMORES
REAL T3 LABEL TRANSPOSE>EXIT,DOITS
IF C(ANYMORE¢RQWCOL#"ROWSY) THEN
TRANSPOSES FOR Ie1 STEP 1 UNTIL N 00O
BEGIN IM1e¢I-13 FOR Jel STEP 1 UNTIL IM1 DO
BEGIN T«ALl,Jl13 ALI,J]€AlJ»I113
AlJsI1eTs TeBLINJI}
BL{IsJ1eBLJyI15 BLJsI]e€T
END OF THE LOOP ON J
END ELSE GO 7O DOIT:
IF NOT ANYMORE THEN GO TO EXITS
DOIT: FOR Ie¢1 STEP 1 UNTIL N DO
BEGIN IMle€I=13; FOR Jei STEP 1 UNTIL IM1 DO
CLJ»I11¢MODSQOFINRPROD
(NsALIs*x)»BLIs*x1sALJs%1sBI[Jr*])}3
ClI»1)¢MODOFINRPROD
(NsALI»*1sBLI,*JsAlIs*])sBLIr*x])
END OF THE LOCP QN I3
FOR Ie¢1 STEP 1 UNTIL N DO
FOR JeI+1 STEP 1 UNTIL N DO
ClUsT11€CLIsJ1€ClIoJY/(CLI»IIxCLU»JI1)}
FOR I¢1 STEP 1 UNTIL N DO Cl[I»Ilels
IF ANYMORE THEN
REGIN ANYMDRE«FALSE? GO TO TRANSPODSE END;
EXIT:
END OF THE CMPLXCOSQBUILDER PROCEDURE:?
PROCEDURE TRANSPOSECN,A)S
VALUE N3 INTEGER N3 ARRAY -A[0,01;
BEGIN COMMENT A IS ASSUMED TO HAVE INDEX
UPPER BOUNDS EQUAL TO N. THIS PROCEDURE
TRANSPUSES THE ROWS AND COLUMNS OF Aj
INTEGER IsJs REAL T;
FOR Te¢0 STEP 1 UNTIL N DO
FOR JeI+1 STEP 1 UNTIL N DO
BEGIN TeA[I»J15 ALI»JleAlJs1]7 A[J»11€T END
END OF THE TRANSPOSE PROCEDURES
REAL PROCEDURE CMPLXHUMOSOLVER(NsA»IA»BsIBsX»IX);
VALUE N3 INTEGER N7 ARRAY A»IA,B,IBL0,03»X»IX{0]1s5
BEGIN COMMENT ALTHOUGH THE ACTUAL INDEX LOWER BOUNDS
ARE ZERQO» THIS PROCEDURE ONLY REFERENCES ENTRIES
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IN THE ARRAYS A, [A, B, IB» X» AND IX WHICH
CORRESPOND TO INDICES IN THE RANGE FROM ONE TO
Ne THE MATRIX» B, IS USED FOR TEMPORARY STORAGE.
CONSIDER THE COMPLEX MATRIX» U» SUCH THAT
ULI»,J] HAS REAL AND IMAGINARY PARTS, All,Jl
AND TALI»J]ls RESPECTIVELY., FURTHER, LET T DENOTE
THE COMPLEX VECTOR DEFINED BY SAYING THAT
TLK) HAS REAL AND IMAGINARY PARTS, XI[KI] AND
IXIK1, RESPECTIVELY. ASSUMING THAT U IS
SINGULAR AND OF RANK (N=1)» CMPLXHOMOSOLVER
ATTEMPTS TO FIND A NON=TRIVIAL SOLUTION TO THE
EQUATION, UT=0s SUCH A SOLUTION IS, OF COURSE,
UNTQUE UP TO MULTIPLICATION BY A SCALAR.
THE PROUCEDURE BEGINS BY THROWING OUT THE ROW
OF U WHICH IS MOST LINEARLY DEPENDENT UPBN ITS
NETGHBOURS. THIS LEAVES A SET gF (N=1) EQUATIQONS
IN N UNKNOWNS OF THE FORM VT=0, WHERE V IS
THE MATRIX GOTTEN BY THROWING OUT A ROW OF U.
NEXT» THE COLUMNS OF V ARE EXAMINED, AND AN
(N=1) BY (N=1) MATRIX» W» IS FORMED BY REMOVING
THF COLUMN OF V WHICH IS MOST LINEARLY DEPENDENT
UPON ITS NEIGHBOURS. LETTING THIS COLUMN BE
DENQOTED BY Y, THE PROCEDURE THEN SQLVES THE SYSTEM
OF EQUATIONS, WZ==Y, WHERE Z DENOTES THE VECTOR
GOTTEN FROM T BY DELETING THE ENTRY WHICH CORRES=
PONDS TO THE CULUMN, Y.
FINALLY, THE VECTORs T» IS FILLED WITH VALUES
FROM Z», WHEREVER POSSIBLEs AND THE ENTRY CORRES=
PONDING TO THE CQOLUMN, Y, IS GIVEN THE VALUE
QONE, THISs THEN, IS THE SOLUTION TO THE
EQUATION» UT=0.
TO GIVE SOME INDICATION AS TO THE AMODUNT
0F CANCELLATION INVOLVED IN COMPUTING THE DETERMI=
NANT nF W, ABOVE, THE PROCEDURE COMPUTES THE PRpODUCT
OF THE MUDULI OF THE NORMS OF THE ROWS OF W,
AND NF THE COLUMNS UF We THE AVERAGE OF THESE
TWD PRODUCTS IS THEN COMPUTEDs AND THE DETERMINANT
OF W, DIVIDED BY THIS AVERAGEs IS INSERTED
INTO THE IDENTIFIER, CMPLXHOMOSOLVER.
PROCEDURES REFERENCED BY CMPLXHOMOSOLVER
ARE ¢ MODOFINRPROD» CMPLXCOSQBUILODERS
MOSTLDs CMPUXLINTRAN, TRANSPOSE, AND CMPLXINVERSE]
INTEGER I,JsK»LDROWsLDCOL,NML;
REAL NRMR,NRMCsNORM»MODET;
PROCEDURE MOVECTOR(N,A,B);
VALUE N3} INTEGER N3 ARRAY A,BI01;
BEGIN COMMENT A AND B ARE ASSUMED TD HAVE INDEX
UPPER BOUNDS EQUAL TO N. THIS PROCEDURE
COPIES ALK] INTQ BCK1 FOR K=0s +ee» N3
INTEGER KiJ
FOR KeO STEP 1 UNTIL N DO BLKI€ALK]
END OF THE MOVECTOR PROCEDURES
LABEL EXIT;
COMMENT HERE THE EXECUTABLE STATEMENTS BEGINS
CMPLXHOMOSOLVER®€1;
IF N = 1 THEN



BEGIN X[1]e1; IX([(11¢03 GO TQ EXIT END3
CMPLXCOSQBUILOER(N,A»IAsB,"ROWS™)S LDROWeMOSTLO(N»B)S
COMMENT LDROW NDOW EQUALS THE NUMBER 0QOF THE ROW
IN THE MATRIX» U, WHICH IS MOST LINEARLY
DEPENDENT UPON 'ITS NEIGHBOURSS

MOVECTOR(N,ALLDROWs*],AL0,*])3

MOVECTOR(N, IALLDROW»*]1,TA(0,*1)3

FOR KeLLDROW+1 STEP 1 UNTIL N DO

BEGIN MOVECTOR(N,ALK»*1sA[K=1,%])}
MOVECTOR(NsJALKs*Js IA(K=1s*1])

END OF THE K LOOP3;

FOR Ke1 STEP 1 UNTIL N DO ACN»KI€IAIN,Kl¢03

COMMENT NOW THE LDROW=TH ROW OF U HAS BEEN
COPIED INTO THE ZERD-TH ROW OF Us THE
REMAINING ROWS HAVE BEEN SHUFFLED DODWNs AND
THE N=TH ROW HAS BEEN FILLED WITH ZERGQOESS

CMPLXCOSQBUILDER(N,»A»IA»B,"COLUMNS™);

LDCOL€MOSTLD(NsB); NMleN=1;

FOR I€1 STEP 1 UNTIL NM1 DO

BEGIN MOVECTORCLDCOL,»A[I»*1sBL[1s%1);
MOVECTORCLDCOL» JALI»%1,IB0I,*1);

FOR JelLDCOL+1 STEP 1 UNTIL N DO

BEGIN BLIsJ=11¢A[I,J]}
IBLl,Ju=11¢1A[1501

END OF THE J LUOOP

END OF THE I LOGOP;

COMMENT NOW LOCOL IS THE NUMBER OF THE COLUMN
OF THE MATRIX, U, WHICH IS MOST LINEARLY
DEPENDENT UPON ITS NEIGHBODURS., COLUMNS ONE
THRU (LDCOL=1) OF U HAVE BEEN COPIED INTOD
THE CORRESPUNDING COLUMNS OF THE MATRIX
WITH REAL AND IMAGINARY PARTS B AND 1IB»
RESPECTIVELY. FURTHER, COLUMNS (LDCOL+1) THRU
N OF U HAVE BEEN COPIED INTO COLUMNS
LDCOL THRU (N=1) OF THE (B»IB) MATRIXS

NRMReNRMCe¢15 TRANSPOSE(N»B)? TRANSPOSEC(N,IB);

FOR Ke1 STEP 1 UNTIL NM1 DO

NRMC «NRMCxMODOF INRPROD

(NM1>BLK,*]),IBLK,*),BIK,*],IBIK,*])}

NORMe (SORT(NRMCY+SQRT(NRMR) )/ 2}

COMMENT NOW THE PRODUCY OF THE SQUARES OF THE
MODULT OF THE NORMS QF THE ROWS OF (B»IB)
HAS BEEN STORED INTO NRMR, THE CORRESPONDING
PRNODUCT FOR THE COLUMNS OF (B»IB) HAS BEEN
STORED INTO NRMC,

THE AVERAGE OF THE SQUARE ROOTS UOF NRMR
AND NRMC HAS BEEN STQRED INTQO NQORM3

MODETe€CMPLXINVERSE(NML,B»IB)}

FOQR Kei STEP 1 UNTIL NM1 DO

BEGIN BI0O,K1e=ALK»LDCOL]?

IBrO,Kle=IA[K,LDCOL)

END OF COPYING OVER THE MOSTLD COLUMNS

CMPLXLINTRAN(NM1>Bs»IBsBLOs %], IB[0s*])sXsIX)}

FOR Ke¢NM1 STEP =1 UNTIL LDCOL DO

BEGIN X[K+1leX{K]3 IX[K+1Je¢IX[K] END;

X[LOCOLle¢1; IXILDCOLleQs
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CMPLXHOMOSOLVER€MODET/NORMS
COQMMENT NOW THE SOLUTION TO UT=0 HAS BEEN
STORED INTO Ts AND THE DETERMINANT=0QVER=NORM
QUANTITY HAS BEEN INSERTED INTO THE IDENTIFIER.,
CMPLXHOMOSOLVER. WHAT REMAINS T0O BE DONE
IS THE RESTURING OF ROWS ONE THRU N OF U;
FOR KeNM1 STEP =1 UNTIL LDROW DO
BEGIN MOVECTOR(NSALKs*1sA[K+15%]);
MOVECTOR(N»TALKs*])s JALK+1,%1])
END
MOVECTOR(N,AL[OU»*1,A[LDROW,*])}
MOVECTOR(N,TALOs %), IALLDROW,*1)3
EXLIT:
END QF THE CMPLXHOMOSOLVER PROCEDURE?
INTEGER PROCEDURE GETRANSIENTSOLUTION
(MsNSMUVEKs NUVEK» ALFA,BETA,GAMMA, A» IAsBs IB,CMTX» ICMTX,
POLY,MODE,EPS)? VALUE N»POLY,MODE,EPS; BOOLEAN POLY,MODES
INTEGER MsN; ARRAY MUVEK,NUVEKLO],
ALFASBETA,GAMMAL,A,IA»B,IB»CMTX,ICMTX[0,0]15 REAL EPSS
BEGIN COMMENT THE MATRICESs CMTX AND ICMTX, MUST
HAVE 2N ROWS OF N ELEMENTS EACH, I.E«2 THEY
MUST BE 2NxN MATRICES. THE OTHER MATRICES
MUST BE NxN, AND THE VECTORS, MUVEK AND NUVEK,
MUST HAVE UPPER BOUNDS EQUAL TO 2xN. THE
MATRICES» A» 1A, Bs AND IB ARE USED FOR
TEMPDORARY STORAGE,
WHERE G IS THE MATRIX OF DIFFERENTIAL
OPERATORS DEFINED BY G[{I,J] = ALFALI,J)xD*2
+ BETALI»JIxD + GAMMACI»J]» FOGR Is» J=1» ,ee» N
( D DENQTES DIFFERENTIATION WITH RESPECT TO
TIME )» THIS PRUCEDURE FINDS THE M INDEPENDENT
SOLUTIONS TU THE EQUATION G@=<NULL VECTOR>.
OF COQURSEs M<2Ns AND THE VALUE OF M IS
ALWAYS STORED INTO THE PARAMETER, M» PRIQR

TO EXIT.
THE BASIC SOLUTIONS TQ THE ABOVE EQUATION

HAVE THE FORM C x EXP( LAMBDA x TIME ),
WHERE € IS A VECTOR WITH N COMPLEX ENTRIESs
AND LAMBDA IS A COMPLEX NUMBER WITH REAL AND
IMAGINARY PARTS», MU AND NU» RESPECTIVELY, THE
PRNCEDURE COMPUTES ALL SUCH VECTORSs C» AND
STORES THEM AS ROWS ONE THRU M OF THE
COMPLEX MATRIX WITH REAL AND IMAGINARY PARTS,
CMTX AND ICMTX» RESPECTIVELY. IN EACH CASE,
THE CORRESPONDING LAMBDA IS STORED INTO
THE CORRESPONDING POSITION OF THE COMPLEX
VECTOR WHOSE REAL AND IMAGINARY PARTS ARE
MUVEK AND NUVEK» RESPECTIVELY.,

IF THE PRUCEDURE IS SUCCESSFUL IN DODING
ITS WORKs THEN A ZERQ IS INSERTED INTO THE
IDENTIFIER, GETRANSIENTSOLUTION, PRIOR TQO
EXIT. OTHERWISE, THE INDEX CORRESPONDING
TO THE VECTORs C, WHICH WAS BEING COMPUTED
AT THE TIME OF THE HANGUP WILL BE INSERTED
BEFORE EXITING.

THIS PROCEDURE MAKES EXPLICIT CALLS ON



GETDETPOLY» FINDPOLYORDERANDNORMALIZE,
SCALECOEFF ICIENTS, GETPOLYZEROS» UNSCALE=-
THERQOTSs AND CMPLXHOMOSOLVERS
INTEGER I,JsKsP? REAL SCALE,REL»IML,AIJsBIJ}
LABEL EXIT,EQL? BOULEAN STABLE; :
COMMENT HERE BEGIN THE EXECUTABLE STATEMENTSS
GETDETPOLY(N,ALFA»BETA,GAMMA,MUVEK)
COMMENT NOW MUVEK CONTAINS THE COEFFICIENTS
OF THE DETERMINANT POLYNOMIALJ
Pe8;

FOR [€8 STEP =1 UNTIL 0 DD
IF MUVEK[I1=0 THEN Pe¢I=1 FLSE GO 7O EOL;

EQL: IF BOQLEANCP) THEN

BEGIN WRITECPRIMARYsFMTODD);
IF POLY OR MODE THEN WRITECSECNDRY,FMTODD)S
END ELSE
BEGIN FOR KeO STEP 1 UNTIL P DO
NUVEKCKJ€MUVEKLP~K13
IF NUVEKEOJ < O THEN
FOR KeO STEP 1 UNTIL P DD
BEGIN NUVEK[Kle=NUVEK[K]} MUVEK[K)e=MUVEK[K]? END;
ROUTHH(CMTXsPsNUVEKs RRs STABLE»ROW) 3
WRITEC(PRIMARY,» SWITFMTLI¢ REALCSTABLE)I»SWITLSTCLI1)}
IF POLY OUR MODE THEN
WRITECSECNDRY» SWITFMTCIJsSWITLSTLII)S
ENDS
IF ROUTH THEN GO TO EXITS
IF ORDER THEN
FOR I¢DDI+1 STEP 1 UNTIL 8 DO MUVEK[11¢0;
1F POLY THEN WRITE(SECNDRY,FMTPOLY,
FOR KeO STEP 1 UNTIL 8 DO MUVEK{KI1)3
FOR K¢0 STEP 1 UNTIL 2xN DO NUVEK[KIJ«0;
FINDPOLYORDERANDNORMALIZE(2xNs MUVEKs NUVEKsP )3
SCALECOEFFICIENTS(PsMUVEK,NUVEK»SCALE)S
GETPOLYZERUS(P>MUVEKsNUVEKSEPS )
UNSCALETHEROQOTS(P,MUVEKsNUVEKs SCALE)
COMMENT NOW MUVEK AND NUVEK CONTAIN THE
REAL AND 1MAGINARY PARTS» RESPECTIVELY» OF
THE RQOOTS OF THE DETERMINANT POLYNOMIAL. THESE
RONTS AREs OF COURSE, THE LAMBDAS MENTIONED
IN THE MAIN COMMENTs ABOVE.
NEXT» ALL SUCH ROOTS WITH MODULUS ZgRO
WILL BE THRUWN DUT» AND THE M REMAINING
ONES WILL BE SHUFFLED DOWN IN THE MUVEK=
NUVEK PAIR; MeP;
FDR KeP STEP =1 UNTIL 1 DO
IF MUVEKIKI*2+NUVEK(K])*2=0 THEN
BEGIN MeéM=1;
FOR JeK+1 STEP 1 UNTIL P DD
BEGIN MUVEK[J=1]€MUVEK[JI1S
NUVEKTJ=11¢«NUVEK[J)
END OF THE SHUFFLEDOWN
END OF ZERO MUDULUS CASE;
COMMENT NOW M IS PROPERLY SET UP» AND THE
NON=ZERD ROOTS OF THE DETERMINANT POLYNOMIAL
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ARE THE ONE THRU M=TH ENTRIES OF THE
MUVEK=NUVEK PAIR3
IF NOT MODE THEN
BEGIN GETRANSIENTSOLUTION¢D; GO TO EXIT3 ENDS3
FOR Ke¢1 STEP 1 UNTIL M DO
BEGIN COMMENT  EACH PASS THRU THIS LOOP CAUSES
THE "C=VECTOR™ CORRESPONDING TO THE
LAMBDA WITH REAL AND IMAGINARY PARTS,
MUVEKIK] AND NUVEK[K]» RESPECTIVELY,
TO BE STORED AS THE K=TH ROW OF
THE COMPLEX MATRIX WITH REAL AND IMAGINARY
PARTSs CMTX AND ICMTXs RESPECTIVELY;
REL€MUVEKIK); IMLeNUVEK(K]3
FOR Te¢1 STEP 1 UNTIL N DO
FOR Jel STEP 1 UNTIL N DO
BEGIN ALIsJle(REL*2=IML*2)XxCAIJ€ALFALI,J])
+(BIJ¢BETALI,JI1)XREL+GAMMALI»J)3
IALI»J1e(ATUXRELX2+BIJ)xIML
ENND OF SETTING UP A AND IA;
IF CMPLXHOMOSOLVERC(N,A,IA,B,18,
CMTXIKs*15ICMTX[K,*x1) < 1,00~11 THEN
BEGIN GETRANSIENTSOLUTIONEKS
60 TO EXIT
END OF THE HANGUP CASE
END OF THE LOOP ON K3
GETRANSTENTSOLUTION®O;
EXIT:
END OF THE GETRANSIENTSOLUTION PROCEDURES
COMMENT  *ax*xkxsax EXECUTABLE STATEMENTS *ohkkanknn}
FOR 1€1,253 DO TOfIJ¢TIME(CL);
EOFBOOL ¢ FALSES Ge32,17 X123 PI2€(2X(PI€ARCTANC1)IX4));
READCCRINDI,/»STRING) S
IF STRING = "SIGFIG"™ THEN
BEGIN READ(CRs/sSTRING,EPS); EPS¢10%#(=2xEPS); END ELSE EPS¢1.,08=21;
READCCRINOI,/sSTRING)S
IF (ORUER¢STRING="ORDER")THEN READCCR,/»STRING»0ODI[)}
READCCRINO1,/»STRING) S
IF (ROUTHe¢ STRING="ROUTH") THEN READ(CR);
READC(CR»/sLsL1sL2sW,IP,1T); RAD ¢ 18BU/Pl; POLY¢MUDE€FALSES
ALAB:  READCCR,/,W0,DW»WM); READ(CRs/,KI1XsK2XsK1Y,K2Y)}
READCCRs/»C1XsC2XsC1Y»CR2Y)3 READ(CR,/sD1XsD2XsD1Y,D2Y)5
READ(CRs/sR1XsR2X,R1Y2R2Y); POLY€MODE€FALSES
BLAB:  READ(CRIND),/»STRING)[EOFI1;
IF STRING="POLY"™ THEN BEGIN POLY¢TRUES READCCR)3 GO TO BLABS END3
IF STRING="MODE"™ THEN BEGIN MODETRUE; READ(CR); GO TD BLAB? END;
GO TO PROCESSS
EOF:  EOFBOOLe TRUES
PROCESS:  WRITEC(PRIMARYsFMTECHG,LSTECHO)S
IF ROUTH THEN POLY€MODE¢FALSES
IF POLY OR MODE THEN
BEGIN WRITE(SECNDRY,FMTECHO,LSTECHD);
IF POLY THEN
BEGIN WRITE(PRIMARYsPLYECHO) WRITE(SECNDRY,PLYECHO); END}
IF MODE THEN
BEGIN WRITE(PRIMARYsMODECHQO)? WRITE(SECNDRY»MODECHD)} END3
WRITECSECNDRYIDBL])S
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END OF THE POLY MODE ECHOD3
WRITE(PRIMARYLDBL1);
Me W/G 5 DM1 ¢ WM1 / G 3 DM2 € WM2/G 3
RPP ¢ IP s M 3 RTTe IT /7 M 3
RP @ RPP/ (Lx L ) 3 RT € RTT / ¢ Lx L ) 3
L11 € L1 / L 3 L22 € L2 / L 3

K1XX ¢ K1X / M 3 K2XX € K2X /M 3
K1YY € K1Yy /M 3 K2YY ¢ K2Y /M 3
CiIXX € CIX / M C2XX € C2X / M
ClYyy ¢« Cly /7 M C2yy o C2Y / M ;
RIXX ¢ R1X 7 M R2XX ¢ R2X / M 3}
R1YY ¢ R1Y / M 3 R2YY € R2Y /7 M
DIXX e DIX / M 3 D2XX € D2X /7 M H
DiYYy ¢« D1y /7 M D2YY ¢ D2Y / M 3

FOR W ¢ WD STEP DW UNTIL WM DO
BEGIN WRITE(PRIMARY[NO]»FMTSPDsW)3 J¢ 03 1¢13 WHRLBOL€FALSE;
IF MODE OR POLY THEN WRITE(SECNDRYINO],FMTSPDsW)3 SeWxPI23
FOR Re.22,0115050,0,05,L22,L11»=RTsRT»050,050,=RT>»RT DO
BEGIN [F J=4 THEN BEGIN J¢ 03IeI+1; END/
AlI>Jed+1]eR;
END OF THE A MATRIX SETUP}? Je 03 I€13

FOR ReC1IXX»C2XX»01YY,D2YY»D1XX,D2XXsClYYsC2YYs
=CIXXxL112C2XXXL22»=(RPXS+D1YYXL11)»
RPXS+D2YYxX[ 22, RPXxS=D1XXxL11,=(RPxS=D2XXxL22)»
=C1YyxL11, C2YYxLZ22 DO

BEGIN IF J=4 THEN BEGIN J¢ 031¢I+13 ENDS
BLIlsJed+1ieRs

END OF THE B MATRIX SETUP; Je 03 1¢13

FOR ReK1IXXsK2XXsR1YYSR2YYsRIXX2R2XX2K1YYsK2YY >
“K1XXxL11, K2XXXxL22, =R1YYXL115R2YYXL22,
“RIXXXL11,R2XXXL22,"K1YYX|11,K2YYXxL22 DO

BEGIN IF J=4 THEN BEGIN J¢ 031e¢lI+1; END3

ClIsded+1]eRs;

END OF THE C MATRIX SETUP;

IF I¢ GETRANSIENTSOLUTION
(Ms 84, MUVEK>NUVEK» AsBsC» AR, AT,BRsBI»CMTX»ICMTX,

POLY»MODESEPS ) # 0 THEN

BEGIN WRITE(PRIMARY»ERRFMT,1)3

WRITECPRIMARYIPAGE])?

IF MDDE OR POLY THEN

BEGIN WRITE(SECNDRY»ERRFMT»I); WRITE(SECNDRYLPAGE])? END;
IF EOFBNOL THEN GO TO EXIT? GO TD ALAB;

EnND OF THE ERROR QUITS

IF ROUTH THEN GO TO SLP;

WRITE(PRIMARY,FMTROOT,LSTROOT)

NRITECAHRARY T * )1, ALLWHRL>LSTALL) S

NRITE(PRIMARY,FMTFREQ,LSTFREQ) S

FUR Ie1 STEP 1 UNTIL M 0O

IF MUVEKLI] 2 0 THEN WHRLBOL¢ TRUE

ELSE

BLANK(WHRARY[11,1I-12;

IF WHRLBOL THEN

BEGIN WRITE(PRIMARY»FMTWHRL)S WRITEC(PRIMARY»15,WHRARY[*]) END;

IF MODE OR POLY THEN
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BEGIN WRITE(SECNDRY»FMTROOT,LSTROOT)Y?
WRITECSECNDRYsFMTFREQ,LSTFREQ) S
IF WHRLBOL THEN
BEGIN WRITECSECNDRY»FMTWHRL);
WRITECSECNDRY» 15, WHRARY[*J)3 WRITE(SECNDRYL(DBL1)S
END OF THE WHRIL SECONDARY WRITE;
IF MODE THEN
BEGIN WRITE(CSECNDRY»FMTMQDE)3S
FOR K¢l STEP 1 UNTIL M DO
ARITECSECNDRY»FM2 »LSTMODE)> WRITE(SECNDRY[DBL])}
END3
END OF THE POLY MODE PRINT QUT}? WRITECPRIMARY(L(DBLI1)S
SLP:
END OF THE SPEED LOOPS
1F NOT EOFBQOL THEN
BEGIN WRITECPRIMARY[PAGE]);
IF POLY OR MODE THEN
WRITECSECNDRY[PAGE1);
GO TO ALAB?
END OF THE PROCESSINGS :
EXIT: TIMEANDATECTO,PRIMARY,"GIVTME®™)
IF POLY OR MODE THEN TIMEANDATECTOs»SECNDRY»"GIVTME"™);
END OF THE ROTSTAB PROGRAM.
ARCTAN IS SEGMENT NUMBER 0030,PRT ADDRESS IS 0246
EXP IS SEGMENT NUMBER 0031,PRT ADDRESS IS 0227
LN IS SEGMENT NUMBER 0032,PRT ADDRESS IS 0226
SQRT IS SEGMENT NUMBER 0033,PRT ADDRESS IS 0220
OUTPUT(W) IS SEGMENT NUMRER 0034,PRT ADDRESS IS 0202
BLUCK CONTROL IS SEGMENT NUMBER 0035s,PRT ADDRESS IS 0005
INPUTC(W) IS SEGMENT NUMBER 0036sPRT ADDRESS IS 0250
X TO THE I IS SEGMENT NUMBER 0037,PRT ADDRESS IS 0230
GO TO SOLVER IS SEGMENT NUMBER 0038,PRT ADDRESS IS 0265
ALGOL WRITE IS SEGMENT NUMBER 0039sPRT ADDRESS IS 0014
ALGOL READ IS SEGMENT NUMBER 0040,PRT ADDRESS IS 0015
ALGOL SELECT IS SEGMENT NUMBER 0041,PRT ADDRESS IS 0016
COMPILATION TIME = 296 SECONDS.
NUMBER OF ERRORS DETECTED = 000, LAST ERROR ON CARD #
NUMBER OF SEQUENCE ERRORS COUNTED = '
NUMBER OF SLOW WARNINGS = 0.
PRT SIZE= 189; TOTAL SEGMENT SIZE= 2783 WQRDS,
DISK STORAGE REQ.= 119 SEGS.; NO« SEGS.= 42,
ESTIMATED CORE STORAGE REQUIREMENT = 32000 WQRDS,
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TABLE D-I
L = 8+0000INCH Li= 4,000VINCH L2=
W= 24,5900L8 IP= 0,0496LB~IN=SEC2 17=
K1X= 220000,00LB/IN K2X= 220000,00L8/IN K1Y= 220000.00LB/IN
CiX= 13.80LB.SEC/IN £2x= 13.80LB.SEC/IN Ciy= 13.80LB8.5EC/IN
R1X= =19350,00LB/IN R2X= =19350,00LB/IN R1Y= 19350,00L87IN
b1x= 0.0000LB.SEC/IN D2X= 0.0000LB.SEC/IN DiY= 0.,0000LB.SEC/IN
THE COLFFIEIENTS OF THE OETERMINANT PULYNUMIAL WILL BE GIVEN.
THE MODE SHAPE VECTURS WILL BE GIVEN.
====  OSPEED = 450 RPS ==== STABLE
THE COLFFICIENTS OF THE DETERMINANT POLYNOMIAL ¢ IN ASCENDING ORDER ) ARES
1.445046426 3,648158+22 1,158880+20 2.1337468+16 3,347498+13 4,05858@+094118158,95352
THERE ARE 8 CHARACTERISTIC ROOTS, WITH REAL AND IMAGINARY PARTS AS FOLLOWS:
REAL =-40,90499 =212.68812 ~100,78335 =332.51083 =-100,78335 =212.88812
IMAG 2049.99874 =1969.40064 -2621,84609 =2621,84608 2621,84609 1969,40064

THE NATURAL FREQUENCIES ( IN CPS ) ARL

326427 =313,44 ~417.28 =417.28 417.28
THE NATURAL FREQUENUIES ¢ IN RPM ) ARL?
1880644 19576.0 2503648

THE MOUE SHAPE VECTURS ARE AS FQOLLOWS!

313.44

4,0000INCH

©147400LB=IN=SEC2

K2Y=
c2y=
R2Y=
D2Y=

220000,00LB/ IN
13,80LBJSEC/IN

19350,00LB/IN
0,0000LB.SEC/IN

250,33871 0,18217

=332.,51083
2621,84608

~40,90499
=2049,99874

417,28 =326,27



671

VECTOR
VECTODR

VECTOR
VECTOR

VECTOR
VECTOR

VECTOR
VECTOR

VECTOR
VECTOR

VECTOR
VECTOR

VECTOR
VECTOR

VECTOR
VECTOR

OF
oF

UF
QFf

OF
oFf

OF
OF

Of
OF

Uf
OF

OF
OF

REAL
IMAG

REAL
IMAG

REAL
IMAG

REAL
IMAG

REAL
IMAG

REAL
IMAG

REAL
IMAG

REAL
IMAG

PARTS
PARTS

PARTS
PARTS

PARTS
PARTS

PARTS
PARTS

PARTS
PARTS

PARTS
PARTS

PART>
PARTS

PARTS
PARTS

MOLDE 1 ( NATURAL

=0,90922369%0
=0,135858846

MODE 2 ¢ NATURAL

=0,897487828
-0,126358638

MOUE 3 ( NATURAL

2.241921886
=0,052257765

MODE 4 ( NATURAL

2.199579545
=0.905894399

MODE 5 ( NATURAL

2.,241921885
0,052257767

MODE 6 ( NATURAL

-0,897487828
0.128358638

MODE 7 ¢ NATURAL

2.199579543
0.,905894399

MODE 8 ( NATURAL

~0,9092236%90
0,135858847

FREQUENCY =

1,000000000
0,000000000

FREQUENCY =

1.000000000
0.000000000

FREQUENCY =

1.000000000
0,000000000

FREQUENCY =

1.,000000000
0.000000000

FREQUENCY =

1.,000000000
0.000000000

FREQUENCY =

1,000000000
0.,000000000

FREQUENCY &

1,000000000
0,000000000

FREQUENCY =

1.000000000
0.000000000

3.26267@+02 CPS )

0315218401
=0.,109729704

=3.134408+02 CPS )

04262098593
=0,021025111

=4,1726808+02 CPS

=0.,019012139
0.832728901

“4,172808+02 CPS )

0.020780826
=0.763201164

4,172808+02 CPS )

=0.019012140
=0.832758897

3.,134408+02 CPS )

04262098593
0.021025111

4,172808+02 CPS )

0,020780822
0.763201165

=3.262678+02 CPS )

0,315218401
0,109729704

=0.827592651
=0,112157331

=040801462049
=0,903715198

04205164903
04140161136

0.418771000
=0.084746540

0505164902
=0,140161136

=0,861462048
0,903715198

0418770999
0.,084746540

=0,827592651
0,112157333



oSt

TABLE D-I. - Continued,

L = 8,0000INCH Lis L4.0000INCH. L2= 4,00Q0INCH
"= 244590008 iP= N.0496LB=IN=SEC2 IT= 17400 B~IN=SEC2
KiX= 220000.00LB/IN K2X= 220000.00LB/IN K1Y= 220000,00LB/IN K2Y= 220000.00LB/IN
C1X= 50.00I.8.8EC/IN C2X= 950.00LB.SEC/IN c1ly= 50.00LB,SEC/IN c2yY= 50.00LB+SEC/IN
fk1X= =80000.,00LB/IN R2X= =8000Q00,00LB/IN R1Y= BQ000Q,00LB/IN R2Y= 80000,00LB/IN
Dix= 0.0000LBSEC/IN D2x= 0.0000LB+SEC/IN D1y= 0+0000LBsSEC/IN D2Y= 0,0000LB+SEC/IN
mem=  SPEEY = 450 RPS === STABLE
THERE AKE 8 CHARACTERISTIC RDOOTS» AITH REAL AND IMAGINARY PARTS AS FOLLOWS:
REAL =319,86122 =293.53024 =99,67901 =1276,32623 =1276.32623 -293,58024 -819,86122 =99,67901
IMAG 1951,15220 2555,95076 -2031,75030 2555,95076 2555,95076 ?2555.95076 =-1951,15220 2031,75030
THE NATURAL FREQUENMCIES (. IN CPY . ) ARE:
310,50 406,79 =323, 30 406,79 =406,79 “406,79 =-310,.54 323,36

THE NATURAL

FREWUENCIES ( IN RPM ) ARE:

1863241 19401.8 24407 .5



IST

K1X= 220000,00LB/IN

C1x=

50,00LB.SEC/IN

R1X= =102500,00LB/1IN

D1X=

SPEED

THERE ARE 8

REAL

IMAG

THE NATURAL

THE NATURAL

0.0000LB,SEC/IN

L = B,0000INCH Li= 4.0000INCH L2=
W= 24.5%00L8 IP= 0,0496LB=IN=SEC?
K2X= 220000,00'.8/IN K1Y= 220000,00LB/IN
C2X= 50.,00L8.5EC/IN Ciy= 50,00LB«SFC/IN
R2X= =102500,00L8/IN R1Y= 102500,00LB/IN.
D2X= 0.0000LB.SEC/IN Diy= 0.0000LB.SEC/IN
STABLE

= 450 RPS

CHAKACTERISTIC ROOTS,

~919,07018
1971,45b64

FREQUENCIES ( 1IN

313.77

FREQUENCIES ( IN

18826,0

=162.,31176
=2584,39921

=1407,59479
2584,39921

CPFS ) ARE:
~411,32 411.32
RPM ) ARE:
19595.7 24679.2

=1407,59470
=2584,39921

=411,432

WITH REAL AND IMAGINARY PARTS AS FOLLOWS:

=0,47005
2052.05674

326,59

=919,07018
=1971.,45864

=-313,77

4,0000INCH

1.7400LB=IN=SEC?

K2y= 220000,00LB/IN
c2Y= 50.00LB+SEC/IN
R2Y= 102500,00LB/IN
D2Y= 0.,0000LB+SEC/IN
=162,31176 =0,47005
2584,39921 =2052.05674
411,32 ~326,59
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TABLE D-I, - Continued.

L = 8,00N0INCH Li= 4.,0000INCH L2= 4,0000INCH
e 244590013 iP= 0,04726LB=IN=SEC2 I7= 1.7400LB=IN=SEC2
K1X=  220000.90L%/1X K2X= 220000.00Lb/IN Kiy= 220000,00LB/IN K2Y= 220000,00LB/IN
(1x= 50.00L.8.5EC/ 1IN C2Xx= 50.00LB.SEC/IN Cly= 50.00LB+SFC/IN c2y= 50.00LB«SEC/IN
K1X= =12/000.000L8/1IN R2X= =127000.,00L8B/1IN R1Y= 127000,00LB/IN R2Y= 127000,00LB/IN
vixs= 0e00NDLB.SEC/IN D2X= 0+.9000LBSEC/IN Diy= 0+0000LB«SFC/IN D2Y= 0.,0000LB.SEC/IN
=e== SPLEU = 45) RP§ wew= UNSTABLE RR = =5,101598+14 ROW = 5

THERE AKL 6 CHARACTERISTIC ROUTS, WITH REAL AND IMAGINARY PARTS AS FOLLOWS:

REAL =1545.,62498 104,19955 104,10965 =24.28149 =-1545,62498 -1073,649R8 =-1n023,64988 ~24,28149
IMAG 2621,07962 =2078,477836 2078 ,47780 =2621.07962 =2621,07962 1997 .87976 =1997,8797¢ 2621.,07962
THE NATURAL FREWUENCIES ( IN CPS ) ARE?

417416 =332.80 330.80 =417.16 =417.16 317,97 =317.97 417,16

THE NATURAL FREWUENCIES ¢ IN RPM ) ARE?

19078.3 19d48,0 25029,5
THE WHIKL RATIDS ARE:

=0.73511 073511
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L = 8,00
W= 244590
K1X= 220000.,00LB/1IN
(1x= 5000L3.SEC/IN
R1X= *=154000.00LB/1In
Dix= 0,J000.B+SEC/ TN
===~ SPEEU = 450 RPS ===
THERE ARE 4 CHARACTERISTIC R
REAL ~1691,44354 1
IMAG 2647 ,05110
THE NATURAL FREWUEMCIES ( IN
424,47

THE NATURAL FREGUFRCIES ( IN

19397.1
THE WHIRL RATIOS ARE:

=2667,05110

00LNCH lLi= 4,0000INCH

oLs Ip= 0.,049618=IN=SEC2
K2X= 2200v0.00LB/IN K1Y= 220000,00
C2x= 50.00LB.SEC/LIN Ciy= 50.00
R2A= =154000,00LB/ 1N R1Y= 154000,00
D24= 0+0000LB.SEC/IN Diy= 0.0000

- UNSTABLE

0TS,

21453707 =1134,41357

=2031,25985

CP> ) ARE:?

424,47 ~323.,29
RPM ) ARE?S

201668 25468.5
~0.,94328

WITH REAL ANUD IMAGINARY PARTS AS FOLLAWS:?

210,87334
2111,85795

=1691.44354
=2667,05110

336,11 =424 ,47

0,74692

L2x
IT=
LB/ IN
LB+SEC/IN

LB/IN
LBsSFC/IN

RR = =6,17172

214,87334
=?2111,65795

=336,11

=0,746092

4.,0000INCH

1.7400LBR=IN
K2Y= 220000,
ca2y= 50,
R2Y= 154000,
D2Y= 0.00
B+15 ROW =
121,53707
2667.05110
424,47
0,94328

=SEC?
00LB/IN
00LB.SEC/IN

00LB/IN
00LB«SEC/IN

5

=1134,41357
2031,25985

323.29
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TABLE D-I. - Concluded.

L = 8.,0000INCH 4,0000INCH l.2=
W= 24.590004 1P= 0.0496LB=IN=SEC? 17=
Kix= 220200.20Lg/IN K24X= 220000,00L8/IN K1Y=  22Q000,00LH/IN
C1x= 50.00L8.5EC/IN C2x= 50.00LB«SEC/IN Cty= 50.00LB«SEC/IN
R1X= =184500.00LB7IN H2X= =184500.00LB/IN R1Y=  184500,00LB/IN
D1x= 0¢0000L3.5£C/IN D2Xs= 0«0000LBSEC/IN DiY= 0«0000LB.SEC/IN
mwea  SPEED = 450 RPS =mew= UNSTABLE RR = =3,68123

THERE ARE & CHARACTERISTIC RODIMS, WiTH REAL AND IMAGINARY PARTS AS FOLLOWS:

REAL =1844,15248
IMAG 2724,30349

.334.20846
2153473570

~1203.74869
=2073,13759

THE NATURAL FREQUEMCIES ( IN CPS ) ARE:S

433,59 342,78 =329.95
THE NATURAL FREWUENCIES ( In RPHM ) ARE:
19797.0 20566.7 26015.2
THE WHIKL RATIOS ARE:
076173

- 334,20846
-2153.,73570

~1848,15248  =1253,74869
-2724.30349 2073.13759

'342.17.6_ '.1‘_33_v§9 _329095

=0.76173

4.0000INCH
1.7400LB=IN=SEC2

K2Y= 220000.,00LB/IN

c2y= 50,00LB«SEC/IN
R2Y= 184500,000LB/IN
p2y= 0.,0000LB+SEC/IN
P+16 ROW = 5

278,24602 278,24602

=2724.,30349 2724,30349
-433,59 433,59
~-U0,96353 . 0496353
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L = B3,00001nCH 4.0000INCH L2= 440000INCH
W= 24.5900L8 IP= 0,0896LB=IN=SEC? 17= 1.7400LB=IN=SEC2
KiX=  220000,00LB/ 1IN K2x=  220000,00LB/ (N KiY=  220000,00LB/IN K2Y= 220000,00LB/IN
Cix= 100.00LB.SEC/ 1IN C2X= 1UN.00LL.SEC/IN CiY= 100.00LB,SFC/IN c2y= 100.,00LB+SEC/IN
K1X= =220000,00LB/1IN R?X= =220000,00LB/IN R1Y= 220000.00LB/IN R2Y= 220000.00LB/IN
U1lx= 0,0000L8.8EC/IN 2X= 0+0000Lb.SEC/IN Diy= 0+0000LBsSEC/IN D2y= 0.0000LB«SECZIN
me== SPEED = 450 KPS ==== UNSTABLF = =2.759698+21 ROW =
THERE ARE 8 CHARACTERISTIC ROOTo>, WITH REAL AND IMAGINARY PARTS AS FOLLOWS:
REAL =1894.16749 ~2942.87936 =2942,87930 =196.93357 =196,93357 55,08703 ~1894,16749 55,08703
IMAG 1997.33317 =2515.,55893 2515.55893 ?515.55893 =2515,55693 2077.93128 =1997.33317 =2077.,93128
THE NATURAL FREQUENCIES ( IN CPb ) ARE:
317.89 ~49n,36 400436 400,36 =400,306 330,71 =317.,89 =330,71
THE NATURAL FREQUENCIES ¢ In RPM ) ARE?
19073,1 19842.8 26021.8
THE WHIRL RATIOS ARE:
0473492 =0,73492
MARCH S5, 1968, TOTAL ELAPSED TIME IS 68 SECONDS. PROCESSOR TIME IS 3% SECONDS. I/0 TIME IS 60 SECONDS,
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APPENDIX E

LISTING AND SAMPLE OUTPUT OF COMPUTER PROGRAM STABIL4

BEGIN
COMMENT THIS PROGRAM IS FOR THE STABILITY ANALYSIS OF 2 DEGREE FREEDOM

SYSTEM, THE REAL PART GIVES DAMPING RATE AND THE IMAGINARY PART , THE
NATURAL FREQ OF THE SYSTEM . IF REAL PART QF THE ROOT IS NEGATIVE THEN
THE SYSTEM IS STABLE o+ IF REAL PART IS ZERN THEN THE SYSTEM IS NEUTRAL .
IF THE REAL PART IS POSITIVE THEN THE SYSTEM IS UNSTABLE,

PROCEDURE FUNCTION IS A FUNCTION GENERATOR ,

PROCEDURE COEFFICIENT CALCULATES THE COEFFICIENTS OF DIFFERENT POWERS

OF LAMBDA « THE HIGHEST ONE STARTING WITH CLO] .

THE INPUT DATA ARE AS FOLLOWS

CARD1

1, N= HIGHEST POWER OF THE PULYNOMIAL
CARD?

1, W= MASS UF THE ROUTOR (LBS)

CARD3

1, KX= STIFFNESS COEFF IN X DIRECTION (LB/IN)

2.KY = STIFFNESS COEFF IN Y OIRECTIUN (LB/IN)

CARDS

1. CX= DAMPING COEFF IN X DIRECTIUN (LB.SEC/IN)

1. CY= DAMPING COEFF IN Y DIKECTION (LB«SEC/IN)

CARDS

1+ RX= CROSS COUPLING STIFFNESS IN X DIRECTION (LB/IN)

2. RY= CROSS COUPLING STIFFNESS IN Y DIRECTION (LB/IN)

CARD6

1., DX= CROSS COUPLING DAMPING CUEFF IN X DIRECTION (LB.SEC/IN)

2. 0Y= CROSS COUPLING NAMPING CUEFF IN Y DIRECTION (LB.SEC/IN)

CARD 7

1.,L=LENGTH UF SHAFT (IN,)

CARD 8

1.,IP= POLAR MOMENT OF INERTIA (LB=SEC=IN2)

2.1T=TRANSVERSE MOMENT OF INERTIA (LB=SEC=IN2)

CARD 9

1.0MEGA=REV 7/ SEC

COL1. REAL PART (DAMPING RATE)D

COL2 IMAGINARY PART ( NATURAL FREQ) 3

REAL KX » KY » CX » CY » RX » RY » DX » DY » KXX » KYY » CXX » CYY »

RXX » RYY » DXX » DYY 5 L » W » M » G » TP1 » TP2 » TP3 » TEP1 o TEP2 »
KXA , KYA » CXA » CYA » RXA » RYA , DXA , DYA »IP » IT » KTT » KPP »
RT » RP » UOMEG » OMEGA 3

INTEGER I » A » TMXM , TNRTS » N » S , CYC , REP

REAL ARRAY TRRT , T[RT o COEFLO2100] ;

BOOLEAN TSWl » TSW2 , TSW3 , TSKWR 3

LABEL AGAIN » FINIS 3

ARRAY TYMEI[1:3] ;

FORMAT HEAD1(X35 » "STABILITY ANALYSIS OF 4=DEGREE FREEDUM SYSTEM",»/»
X35 » 45("*") , // ) ;

FORMAT HEAD2(1(2(59("*"))s/)>»

X3 » ™ KX=" , E1144 , " B/IN" » X10 , "™ KY=" o El1.4 L,"LB/IN" » X10 »
" RX=" , £11.4 , "LB/IN" » X10 » " RY=" , E11.4 » "LB/IN"™ » / »

X3 » ™ CX=" , E1le8 » "LB«SEC/IN® » X6 5 " CY=" 5 El1e4 » "LBeSEC/IN" »
X6 » " DX=" 5, E1144 5 " BeSEC/IN™ »X6 » "™ DY=" » Elled4 ,"LB,SEC/IN"™ ,/»
X3 » "WIP=" , E11.4 , "LB=SEC=IN2" , X7 , "IT=" , Ell.4 s "LB=SEC=IN2" »
X10 , "L=" » El11e4 , "IN,"™ o X13 » "W=" , E11.4 » "LBS." » / » X50 ,
"SPEED=" » El11.4 » "RPS"™ » / >»

1(2¢59("*x"))»/));}



FORMAT HEAD3 ( X31 , ®"REAL™ » X12», "IMAGINARY" ) 3

FORMAT DQUT1 ( X22 » E18,11 , X4 » E18,11 ) ;

PROCEDURE COEFFICIENT(KX » KY » €X » CY » RX » RY » DX » DY , L »COEF)}
VALUE KX » KY » CX » CY » RX o RY » DX » DY » L 3

REAL KX » KY » CX s CY RX » RY » DX » DY » L

REAL ARRAY COEF[0]
BEGIN
COEFLO0)« KY
COEF{1Ye KX

we W

KX = RX x RY
CY + KY x X = RX x DY = RY x DX 3}
COEF[21¢ KX KY + CX x CYy = DX x VY 3}

COEF[31¢ CX cy ;

COEFL4]1e¢ 1.0 3
END OF PROCEDURE COEFFICIENT 5

PROCEDURE FUNCTIUN ( REALE » IMAG , REVAL » IEVAL )
VALUE REALE , IMAG 3

REAL REALE » IMAG » REVAL » IEVAL 3

BEGIN

REAL RTOT s ITOUT 3

REAL ARRAY RE , IM [0:100) 3

..

+ + X X

REC1] ¢ REALE 3 IM[1] e IMAG ;
FOR Se2 STEP 1 UNTIL N DO
BEGIN

RELS] ¢ RELS=13 x RE[1Y = IMLS=11 x IM{1l)}
IMES]e RE(S=1] x IML11 + IMLS=1) x REL1]
ENDJ’
RTOT« COEF (0] ;
IT0T€0,0
FOR Sei STEP 1 UNTIL N DO
BEGIN
RTOTe¢ RTDT + RELS] x COEF [S)
IT0Te ITOT + IM[S] x COEF [S]
END 3
REVAL ¢ RTOT 3
IEVAL e ITOT 5
END
PROCEDURE MULLER(P1sP2sP3,MXMsNRTSIEPI1sEP2,SWHLi»sSW2»SW3,SHRsRRT»IRT»0T1)
VALUE P1sP2sP3sMXMsNRTS»EPL1»EP2»SW1sSW2>SW3»SWRFINTEGER MXMs»NRTS;BOOLEAN
SH1,SW2,SW3,SWR3REAL P1,P2,P3,EP1,EP2SJKREALL. ARRAY RRTL,IRTIOI3FILE DT13BE
GIN BODOLEAN BOULSINTEGFER C1,RTC»I>ITCIREAL RX1sRXZ2sRX3,IX12IX251IX3»RR0O0T
»IRO0OT,RONRIDNR» Tl IT1,FRROOT»FIROUTARFX1,RFX2sRFX3»1IFX151FX2sIFX3sRH» 1
HsRLAM, ILAMLRUEL,IDEL,T2,1IT2sT3,1T3,T4,1T4,RG,IG,RDEN,IDEN,RFUNC,IFUNCSL
ABEL MO,M1,M2,M3,MU, MO, MB,MEsMT»FINLI,FIN2,FIN3»M10sM12,M11EXITISWITCH J
€M2, M3, M4, M7, M113FORMAT QUT F2(X46,"REAL"»X12»"IMAGINARY"/ X37,E18411,X45»
E18411/X39s"THE FUNCTION EVALUATED AT THIS POINT IS"/X46,"REAL"»X12,"1IMA
GINARY"/X37,E18411,X4,F18,11/X35,"THE MUD""IFIED FUNCTION EVALUATED AT T
HIS POINT IS"/X46;"REAL",x12;"IMAGINARY“/x37’E18.11;X4,E16.11);F4(///X29
»I13»" ITERATINNS HAVE REEN MADE. THE VALUE OF m*THE ITERANT IS NOW™)»F6
(//X37,"SUCCESSIVE ITERANTS MEET CONVERGENCE CRITERION"/X39»"AFTER",13,"
ITERATIONS. THE ROOT FOUND IS™)»F8(//X33,"THE FUNCTION VALUES OF THE L
AST ITERANT ARE"™" SUFFTCIENTLY"/X33,"NEAR ZERO. "sI4," [TERATIONS WERE M
A"R"DE, THE ROOT FOUND IS%")»F10(//X35,13," ITERATIONS COMPLETED AND SUCC
ESSFUL CONVE""RGENCE"/X41,"HAS NOT OCCURRED. THE LAST ITERANT Ism),F12¢(
//7X40,"THE PREVIDUS ROQOT FOUND WAS COMPLEX, THE"/X40,"CONJUGATE OF THIS
VALUE IS ALSO A ROOT.")3PROCEDURE COMPLEX(A»1AsB»IBsK,Cs1C);VALUE A,IA,
BsIB,K3 INTEGER K;REAL A,IA»B»IB»C,IC3BEGIN REAL TEMPS;LABEL MPY»DVD,SQT,»E
XIT3SWITCH JUNCTION€MPY,DVD,SQT3GO TO JUNCTIONLK]I/MPY3ICe AXB=TAXIB3; IC€AX]

we ‘we

‘es ‘we
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B+IAxB3GO TO EXIT;OVD:IF B=0AND [B=O0THEN BEGIN C¢13IC€03G0 TO EXIT END3T
EMP¢BxB+IBxIB;C¢(AXB+IAXIB)/TEMP; IC€(IAXB=AXIB)/TEMP;GO TO EXIT3SQTSIF(I
A=0)AND(A<O)ITHEN BEGIN C€¢0sIC¢SQRT(=A)END ELSE IF IA=0THEN BEGIN (C¢SQRT(
A)Y;ICE€QEND ELSE BEGIN TEMP¢SWRTCAXA+IAXIA)SC¢SQRTCCTEMP+A)/2)31C«IF(TEMP
=A)<OTHEN OELSE SQRTC((TEMP=A)/2)ENDF IF((B+C)IYX(B+CI)+(IB+ICIX(IB+IC))<((B~

"CIx(B=C)+(IB=IC)x(IB=IC))THEN BEGIN C¢B=C;IC¢IB=IC END ELSE BEGIN Ce¢B+C;
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ICeIB+IC ENDFEXITSENDSFOR l€l1STEP I1UNTIL NRTS DO RRT[IJ€IRT[IJ€03RTC«03M
03IX1¢IX2€¢IX3¢C1eIRDOTEITC«0SRRO0OT€P1;BO0LEFALSESM1:C1€C1+1;RDNR¢13IDNRE®
03FOR T«1STEP 1UNTIL RTC DO BEGIN COMPLEXCRDNRs»IDNR,RRODT=RRTLIJ»IROOT=I
RTL{I1s1sT15IT1)5RDONR€TIFIDNRCIT] ENDIFUNCTIONCRROOT,IROOT»T1,1T1)3COMPLE
XCT1,IT1»RONR,IDNR»2,FRROOT,FIRCOOTISGO TO JLC1)3M2:RFX1¢FRRODTIIFX1€FIRO
OTSRROOT¢P2G0 TO M13M3:RFX2¢FRRUDTSIFX2¢FIROOTSRROOTEP33G0 TO M13M4IRFX
3¢FRROCTSIFX3¢FIRUOTIRX1e¢P13RX2¢P23RX3€P33RHeRX3=RX23IHeIX3~IX23COMPLEXC(
RHs IHsRX2=RX1,Ix2=IX1,2,RLAMs ILAM)JRDEL¢RLAMFIFIDELCILAMIMISIF(RFX1=RFX2
JAND(RFX2=RFX3)ANDCIFX1=IFX2)ANDCIFX2=IFX3)THEN BEGIN RLAM€13ILAMe03G0O T
0 M8 ENDICOMPLEX(RFX1»T1FX1sRLAMs1LAMs15T15,IT1)3COMPLEXCRFX2s IFX2sRDEL,ID
ELs1sT2,172)5T1€T1~T24RFX35ITLI€ITI=1T2+IFX33COMPLEXCRDEL,IDEL,RLAMSILAM,
15T2,IT2)5CUMPLEX(T1,IT1sT25IT251sT35,1T3)3COMPLEXC(RFX3,IFX3,T3,1IT3515T1s
IT1) 3 T1e=4xT13IT1¢=4xIT13COMPLEXCRFX3,IFX3,RLAM+RDEL,ILAM+IDEL»1,T2,1IT2)
3COMPLEX(RDELXRDEL=IDELXIDEL » 2XRDELXIDEL,RFX2sIFX2515T3,IT3)3COMPLEX(RLA
MXRLAM=TLAMXILAM, 2XRLAMXILAMsRFX1>IFX1s1,T4,IT4)3RGeT4=T34T251GeIT4=IT3+
IT23IF SWR ANDCCRGAXRG+T1)<O)THEN BEGIN RDEN¢RGSIDEN€IG€OEND ELSE COMPLEX
(RGXRG=TIGXIG+T1,2xRGXIG+IT1,RG,IG,»3,RDEN, IDEN)SCOMPLEX(=2xRFX3,=2xIFX3,R
DELsIDEL»1sT1,1T1)3COMPLEXCTI»ITI,ROENS IDEN,2,RLAM, ILAMIIMBSITC€ITC+13RX
1€RX23RX2€RX3FRFX1€RFX2IRFX2€RFA3IFIIX1€1X251X2¢IX35TIFX1€IFX25IFX2€¢IFX35C0
MPLEX(RLAM»ILAMsRH, IH,1,T1,IT1)3RH¢T13IHeIT13M63RDELERLAM+13IDELCILAMSIRX
3e€RX2+RH} IX3¢IX2+IH3C1€33RRO0OT€RX33 IRD0TeIX35G0 TO MI3M7IRFX3€FRROOTS IFX
3¢FIROOTFFUNCTIONCRX3sIX3,RFUNC, IFUNC)?COMPLEXCRFX3,IFX3,RFX2,IFX2s25sT1>»
ITL)SIFCTIXTL4+1TIXIT1)>100THEN BEGIN RLAMCRLAM/2;RHeRH/23ILAMeILAM/ 25 IHe
IH/23G0 TO M6 ENDSIF SW1 THEN BEGIN WRITECOT1»F4,ITCISWRITE(DOT1sF2sRX3»1
X3sRFUNCs» IFUNCsRFX3s TFX3)ENDS T1€RX3I="RX23IT1€IX3=IX25COMPLEX(T1»IT1sRX251
X2525sT2,IT2)3IF SQRT(T2xT2+IT2xIT2)<EP1 THEN GO TO FIN1;IF(SQRT(RFUNCXRF
UNCH+IFUNCXIFUNC)ISEP2)AND(SQRV(RFX3XRFX3+IFX3xIFX3)SEP2)THEN GO TO FIN231I
F ITC>MXM THEN GO TO FIN3 ELSE GO TO M95FIN1:IF(NOT SW2)THEN GO TO M12 &
LSE WRITECOT1,F6,ITC)3G0 TO MIO;FINZ2SIF(NOT SW2)THEN GO TO M12 ELSE WRIT
ECOT{sF8sITCY3G0 TO M1O3FIN3IBNOLCTRUESIF(NOT SW2)THEN GO TO M12 ELSE WR
ITECOT1,F10,ITCIsMIO:WRITECOTL1sF2,RX3,IX3,RFUNC,IFUNC,RFX3,IFX3)sM12IRTC
€RTC+13RRTIRTCI€RX3IZIRTIRTCI«IX33IF RTC2NRTS THEN GO TO EXIT3;IFCABSCIX3)
SEPLIDANDCSW3IIANDCNOT BNDL)THEN BEGIN IX3e¢=IX33FUNCTIUNCRX3»IX3sRFUNC,IFU
NC)ISRROOT¢RX3; IR00T«IX33C1€45G0 TU M13M112IF SW2 THEN BEGIN WRITE(OT1,F1
2)3WRITECOT1sF2sRX3,IX3sRFUNC» [FUNC»FRROOT,FIROOTIENDSRTCE€RTC+13RRTIRTC]
¢RX33IRTIRTCIe«IX3 END ELSE GO T MOFIF RTC<NRTS THEN GO TO MOSEXITIENDS
SWITCH FORMAT FMTYME € ( "DATE™ » AZ21 )

("TOTAL TIME"™s F15.2 » " SECONDS™) ,

("PROCESSOR TIME™ » F11.,2 » ™ SECUNDS™) »

(¥I/0 TIME™ » F17.2 » SECONDOS™) 3

FOR Aet STEP 1 UNTIL 3 Dn TYMELA] ¢ TIMECA) 3

WRITE C(LP » HEAD1 ) 3

READ ¢ CR » / s N ) 3

AGAIN: READ (CR , /sXKX » KY ) [FINISY] ;

READ ¢ CR » 7/ » CX » CY )

H
READ ¢ CR » / » RX » RY ) 3
READ ( CR » / » DX » DY ) ¢
READ C CR » / » L )
READ (CR » 7/ » W ) ;
READ C CR » /7 » IP , IT D) 3



READ(CR » 7/ » OMEG ) 3
WRITE ( LP » HEAD2 , KX » KY » RX » RY » CX » CY » DX 5 DY o IP »
IT » L » W , UMEG ) 3
Ge 32,2 x 12 3
Me W/G 3
KXA€(2xKX)/M 3 KYA€(2xKY)/M 3 CXA€(2Z2XCX)/M 3 CYA€(2xCY)/M 3
RXA€(2xRX)/M } RYA€(2xRY)/M  DXA€(2xDX)I/M ; DYA€(2xDY)/M 3
COEFFICIENT C KXA » KYA » CXA » CYA » RXA » RYA » DXA » DYA ,L » COEF) 3
WRITE ¢ LP o < X10 , "THE FOLLOWING GIVES THE CYLINDRICAL FREQ. t"> )3
WRITECLPEDBLI1) 3
WRITE (LP » < "THE COEF OF THE POLYNOMIAL IN ASCENDING POWER AREiw>) 3
WRITE (LP » < 5(X2 » F11.,4)> » FOR I¢0 STEP 1 UNTIL N DO COEFC[I] ) 3
WRITECLPLDBL])Y
WRITE (LP » HEAD3 ) 3
TNRTSe¢ N 3
FOR Te¢0 STEP 1 UNTIL 100 DO TRRT[I] € TIRT[I] ¢ 0 3
MULLER (=1 » 0 » 140 530 » N » 1,08=12 » 1,08=12 » FALSE » FALSE » TRUE»
FALSE » TRRT » TIRT , LP ) 3
WRITE (¢ LP »0UT1 » FOR I¢ 1 STEP 1 UNTIL TNRTS DO C(TRRTLI] »
TIRTCI11)
WRITECLPEDBLY) 3
OMEGA€DOMEGX6.28 3
KTT€IT/M 3 KPPeIP/M 3 RTe(4xKTTY/(LxL) 3 RPe(4xKPP)Y/(LxL) 3
IF KTT=0 AND KPP=0 THEN
BEGIN
Ne2 3
TNRTSeN H
COEFLO0)e KXAXKYA=RXAXRYA 3
COEF[1)e KXA x CYA 4+ KYA x CXA + RYA x ( RP x OMEGA = DXA) = RXA x
( RP x OMEGA + DYA) 3
COEF[2]e RT x ( KXA+ KYA) + CXAx CYA+ ( RP x QMEGA + DvA ) x
( RP x OMEGA =~ DXA ) 3
WRITE (LP » < X10 » "THE FOLLOWING GIVES THE CONICAL FREQe * > ) 3
WRITE (LPL{DBL3I) 3
WRITE (LP s < "THE CDEF QF THE POLYNOMIAL IN ASCENDING POWER ARE:®w>) ;
WRITECLPLDBL]) 3
WRITE (LP » < 5(X2 » F11.4)> » FOR le¢0 STEP 1 UNTIL N DO COEFLI] ) 3
WRITECLPIODBL]1)Y 3
FOR I1¢0 STEP 1 UNTIL 100 DO TRRTLI] ¢ TIRT[I] € O ;
MULLER (=1 » O » 140 530 » N » 1.08=12 » 1,068=12 », FALSE » FALSE » TRUE>»
FALSE » TRRT » TIRT , LP )
WRITECLP»HEAD3) ;
WRITECLPLOBL]1) 3
WRITE ¢ LP »UUT1 » FOR Ie€ 1 STEP 1 UNTIL TNRTS DO [(TRRTILI] »
TIRTILI1])
WRITECLPIDOBL]) 3
END
ELSE
BEGIN
COEFLO0le KXAXKYA=-RXAXRYA 3
COEF[1)le KXA x CYA + KYA x CXA + RYA x ( RP x UMEGA = DXA) =~ RXA x
( RP x OMEGA + DYA) 3
COEFL21e¢ RT x ( KXA+ KYA) + CXAx CYA+ ( RP x OMEGA + DYA ) x
( RP x OMEGA = DXA ) 3
COEF{3]¢ (CXA+CYA) x RT 3
COEF [4)€¢ RT x RT }#
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WRITE (LP » < X10 » "THE FOLLOWING GIVES THE CONICAL FREQ.

WRITE C(LPLDBLI]1) 3

ino> ) 3

WRITE (LP » < "THE COEF 0OF THE POLYNOMIAL IN ASCENDING POWER ARE:">)

WRITE(LP{DBLI)Y 7/
WRITE (LP » < 5(x2 , Et1,4)>
WRITE(LPLOBLI)Y 3

» FOR I¢0 STEP 1 UNTIL N DO COEFCI] )

FOR 1«0 STEP 1 UNTIL 100 DD TRRT[I] ¢ TIRTC(I] ¢ O

MULLER (=1 » 0 » 1.0 30 , N
FALSE », TRRT s TIRT » LP D) 3
WRITECLPSHEAD3) ;
WRITECLPIDBL]) 3
WRITE ¢ LP »0UTY » FOR le¢ 1
TIRTLI11)
WRITECLPI{DRBLI)Y
END3S
FOR Aei STEP 1 UNTIL 3 DO
WRITE ¢ LP »FMTYMELA] , (TIME
WRITE ¢ LP sFMTYMELO) , TIMEC
WRITE (LPIPAGE]1) 3
GO TO AGAIN 3
FINIS: END .
SQRT IS SEGMENT NUMBER 0021sPRT

CUTPUT(W) IS SEGMENT NUMBER 0022,PRT ADDRESS IS 0136

BLOCK CONTROL IS SEGMENT NUMBER
INPUT(W) IS SEGMENT NUMBFR 0024
GO TO SOLVER IS SEGMENT NUMBER
ALGOL WRITE IS SEGMENT NUMBER

ALGOL READ IS SEGMENT NUMBER
ALGOL SELECT IS SEGMENT NUMBER
COMPILATION TIME = 69 SECONDS.

NUMBER OF ERRORS DETECTED = 000. LAST
NUMBER OF SEQUENCE ERRURS COUNTED =

NUMBER OF SLOW WARNINGS = 0.
PRT SIZE= 132; TOTAL SEGMENT SIZE=
DISK STORAGE REQ.= 65 SEGS.S NO-.

ESTIMATED CORE STORAGE REQUIREMENT =

» 1.,08=12 , 1,08=12

»

.
’

FALSE

»

FALSE »

STeEP 1 UNTIL TNRTS DO [TRRTLI] »

(A)Y = TYMELAL) 7/ 60D
0)) 3}

ADDRESS IS 0133

0023,PRT ADDRESS IS
»PRY ADDRESS IS 0147
0025s,PRT ADDRESS IS8
0026sPRT ADDRESS IS
0027,PRT ADDRESS IS
0028sPRT ADDRESS IS

ERROR ON CARD #
0.

1288 WORDS,
SEGS.= 29,
2436 WQORDS,

’

0005

0152
0014
0015
0016

’

TRUE,
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TABLE E-I, - STABILITY ANALYSIS OF FOUR DEGREE FREEDOM SYSTEM

KX= 3.60008+04LB/IN KY= 3,60008+04 B/IN RX= 6,25008+03LB/IN RY==6,25008+03.B/IN
CX= 3.20000+00LB.SEC/IN CYs 3.20008+00LB.SEC/IN DX= 0+00008+00LBsSEC/IN DY= 0.00008+00LB«SECZIN
IP= 6.00008=02LB8~SEC=IN2 IT= 1,26008+00LB=SEC"IN2 L= 7.00008+00iN, W= 1,80000+01LBS.,

SPEED= 6,2200#+02RPS

THE FOLLOWING GIVES THE CYLINOLDRICAL FRE@, ¢

THE COEF OF THE POLYNOMIAL IN ASCENDING POWER ARE3
2.4609€8+12 4,246908+08 3.11018+406 2,74778+02 1,00008+00

REAL IMAGINARY
-1,76372621191€+02 1.245963970608+03
=1,763726211918+02 =142459683970608+03

3,898595453566+01 1.245983970608+03
3,898595453568+01 =1¢245983970608+03

THE FOLLOWING GIVES THE COGNICAL FREQ. ¢

THE COEF OF THE POLYNOMIAL IN ASCENDING POWER ARE!

2.46098+12 2.,04288+08 7.01298+06 6,06700+02 4,87538+00

REAL IMAGINARY
4,425800323468+01 7,516039756308+02
4,425800323469+01 =7+516039756300+402

=1,064802254598+02 9.376115946808+02
=1,064802254598+02 =9+376115946808+02
TOTAL TIME 84,32 SECONDS
PROCESSOR TIME 3.62 SECONDS
1/0 TIME 9412 SECONDS

DATE 067361

L"'llIllllIIl-IIIIllIllllllIlIIIIIIIIIIIIIIIIIIIII---
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KX= 4,00008+04LB/IN
CX= 6,40000+00LB.SEC/IN
IP= 6.00008=02LB=SEC=IN?

Ky= 3,00008+04| 3/IN
CY= 6.40008+00L8.SEC/IN
IT= 1.,26008+00LB8=SEC=INZ

RX= 6+25000+03LB/IN
DX= 0,00008+00LEB,SEC/IN

L= 7.00008+001IN,

SPEED= 6,22008+402RPS

THE FOLLOWING GIVES THE CYLINDRICAL FREQ. ¢

THE COEF OF THE PDLYNOMIAL IN ASCENDING POWER ARES

2,28398+12

8,25798+00 3.,08088406

REAL
=2.033759007488+02
=2.033759007488+)2
=7.13974325710¢+01
=7,13974325710€+01

5,4955@+02 1.00000+00

IMAGINARY
10219895958468+03
=1,219895958468+03
1.21989595848€+03
~1,2198959584b08+403

THE FOLLDOWING GIVES THE CONICAL FREQ. 3

THE COEF OF THE POLYNOMIAL IN ASCENDING POWER ARE?

2,28398+12

TOTAL TIME
PROCESSOR TIME
I/0 TIME

DATE

6,05378+08 6.88008+06

REAL

9.464360451308+00
9,464360451308+00
~1,339088049008+02
=1,339088049008+02

12445 SECONDS

6.77 SECONDS

12.37 SECONDS
067361

1421348403 4,87538+00

IMAGINARY

74255623504708+02
~7,255623504708+02
94337044197408+02
“9,337044197408+02

RY==6.25008+03LB/IN
DY= 0.00008+00LBsSEC/IN
W= 1,80008+01LBS,



